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ATG AAG TTC 
GAG TCC ACC 
GAC TCA CTG 
TGG AGG AAG 
CAG CCG CCC 
TCC CGG GGC 
AAG AAA C6C 
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TTC CGT GAC 
CGC TGC AAA 
CAG GCC CGT 
G6G GAG CTG 
TAC CTG ACG 
GGC AAC ACA 
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AAG CAG 
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TTC ATG ATC 
ATG AAG GTG 
TGC CGT GAC 
ATC GGC ATG 
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ATC TGG AAG 
GTA nc CTG 
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ACC TAC CAG 
TGG TCC TCG 
GAG GTG GTG 
CAG GGT TAC 



(57) Abstract: The present invention relates to novel 
human nucleic acid molecules encoding novel human 
cation channels, and proteins and polypeptides encoded 
by such nucleic acid molecules. More specifically, the 
nucleic acid molecules of the invention include novel 
human genes, e.g., hCCh3.1, hCCh3.2, and hCCh4, 
that encode proteins or polypeptides that display some 
sequence homology and structural homology to the 
vanilloid and TRP (transient receptor potential) families 
of cation channel proteins. The proteins and polypeptides 
of the invention represent novel cation channels that may 
be therapeutically valuable targets for drug delivery in 
the treatment of human diseases which involve calcium, 
sodium, potassium or other ionic homeostatic dysfunction, 
such as central nervous system (CNS) disorders, e.g., 
stroke or degenerative neurological disorders such 
as Alzheimer's disease, or other disorders such as 
cardiac disorders, e.g., arrhythmia, diabetes, chronic 
pain, hypercalcemia, hypocalcemia, hypercalciuria, 
hypocalciuria, or ion disorders associated with renal or 
liver disease. 
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NOVEL HUMAN NUCLEIC ACID MOLECULES 
AND POLYPEPTIDES ENCODING CATION 
CHANNELS 

5 L INTRODUCTION 

The present invention relates to the isolation and identification of novel human 
nucleic acid molecules and proteins and polypeptides encoded by such nucleic acid 
molecules, or degenerate variants thereof, encoding novel human cation channels. More 
specifically, the nucleic acid molecules of the invention include two novel human genes 

10 encoding proteins or polypeptides that display some sequence homology and structural 
homology to the vanilloid and TRP (transient receptor potential) families of cation charmel 
proteins. The proteins and polypeptides of the invention represent novel cation channels 
that may be therapeutically valuable targets for drug delivery in the treatment of human 
diseases that involve calcium, sodium, potassium or other ionic homeostatic dysfunction, 

15 such as central nervous system (CNS) disorders, e.g., stroke or degenerative neurological 
disorders such as Alzheimer's disease, or other disorders such as cardiac disorders, e.g., 
arrhythmia, diabetes, chronic pain, hypercalcemia, hypocalcemia, hypercalciuria, 
hypocalciuria, or ion disorders associated with renal or liver disease. 

20 2. BACKGROUND OF THE INVENTION 

Control of the intemal ionic environment is an extremely important function of all 
living cells. Ion exchange with the external medium is regulated by a variety of means, the 
most important of which are various transporters and ion channels. Ion channels comprise a 
very large and diverse family of proteins which play an important role in cell homeostasis, 

25 hormone and neurotransmitter release, motility, neuronal action potential generation and 
propagation and other vital intra- and inter-cellular functions. Thus, these channels are 
important targets for the development of therapeutic compounds in the treatment of disease. 

A number of proteins have been described as forming ion channels, including the 
vanilloid and TRP protein families. These proteins have been shown to function as cation 

30 chaimels of varying degrees of selectivity and with different, and in some cases unknown, 
mechanisms for channel gating. For example, the TRP family of ion channels comprises a 
group of proteins some of which are believed to form store-operated calcium (Ca^"^) 

35 
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channels, i.e., ion channels that operate to allow the influx of extracellular Ca^^ into cells 
when the intracellular stores of calcium are depleted (Zhu et aL, 1996, Cell 85: 661-671). It 
is believed that TRP ion channels are expressed, in some form, in most, if not all, animal 
tissues (Zhu et al., supra at 661). Recently a human orthologue of murine Trpl2 was 
5 localized on human chromosone 12 (Wisenbach et al, 2000, FEBS Letters 485:127-134). 
Li addition, another protein, termed trp-like or trpl, has been disclosed (Phillips et al., 1992, 
Neuron 8: 631-642; Gillo et al., 1996, PNAS USA 93: 14146-14151) and it has been 
suggested that there may be a cooperative interaction between TRP and TRPL proteins, 
perhaps these protems contributing channel subunits to form a multimeric Ca^^ channel 

10 (Gillo et al., supraV 

Tlie capsaicin receptor, also known as VRl or vanilloid receptor subtype 1, has been 
isolated from rats and characterized as a Ca^'^-permeable non-selective ion channel that is 
structurally related to the TRP family of ion chaimels (Caterina et al., 1997, Nature 389: 
816-824). The rat VRl cDNA contains an open reading frame of 2,514 nucleotides 

1 5 encoding a 838-amino acid protein. Hydrophilicity studies have indicated that VRl 
contains six transmembrane domains with a short hydrophobic stretch between 
transmembrane regions 5 and 6 which may represent the ion permeation path. In addition, 
VRl is disclosed as containing three ankyrin repeat domains at the N-terminal end of the 
protein (Caterina et aL, supra at 820). It has been noted that VRl resembles the trp and trpl 

20 proteins in topological organization, the presence of multiple N-terminal ankyrin repeats 
and in amino acid sequence homology within and adjacent to the sixth transmembrane 
domain (Caterina et al, supra at 820-821). However, outside of these regions of homology, 
there is actually very little sequence homology between VRl and the TRP-related proteins. 
Moreover, studies have indicated that VRl is not a store-operated Ca^"" channel as are some 

25 of the TRP proteins and the expression of this protem is restricted to sensory neirrons 

(Caterma et al., supra at 821 and Figure 6 at 820; Mezey, E. et al., 2000, Proc. Natl. Acad. 
Sci. USA 97: 3655-3660). 

Human VRl (also known in the art as "hVRl" or "OTRPCl") has been disclosed in 
PCT Patent Apphcation WO 99/37675 and PCT Patent AppHcation WO 00/29577, which 

30 disclose nucleotide and amino acid sequences for human VRl as well as another subtype, 
human VR2 (also known m the art as "hVR2", "VANILREP2'*, "VRRP","VLR" or 
"OTRPC2"), In addition, PCT Patent Application WO 99/37765 discloses nucleotide and 
amino acid sequences for VANILREP2 and polymorphic variants thereof. The 
VANILREP2 protein sequence set forth m PCT apphcation WO 99/37765 appears to be 

35 essentially the same as hVR2 disclosed in PCT application WO 99/37675. See also PCT 

-2- 

BNSDOCtD: <WO 0153348A2_I_> 



wo (H/53348 



PCT/US01/(M804 



Application WO 99/46377, which corresponds to EP 953638 Al, PCT application WO 
00/22121, and GB patent application 2346882 A, which also disclose the nucleotide and 
amino acid sequences for hVR2. 

Additional members of the vanilloid family of cation channels have also been 

5 identified. For example, a homologue of VRl, termed SIC, was cloned from the rat kidney. 
This protein was identified as a stretch-inactivating channel (SIC), i.e., it is inactivated by 
membrane stretch, and as being expressed mainly in the kidney and liver. SIC was farther 
described as sharing the same transmembrane and pore aligmiients with VRl but having 
different electrophysiological properties (Suzuki et al., March 1999, J. Biol. Chem. 274 

10 (No. 10): 6330-6335). Recent reports, however, indicate that SIC may be a chimera of VRl 
and a newly-identified VR subtype, OTRPC4 (see, e.g., Strotmami et al., October 2000, 
Nature Cell Biology 2: 695-702 and Liedtke W. et aL, 2000, Cell 103: 525-535). See also 
Wisenbach supra , reporting that the C-terminal region of Trpl2 is similar to the 
corresponding region of SIC. Moreover, it has been noted in the art that, despite structural 

15 homologies between members of the vanilloid family, respective proteins within the family 
may possess significant differences, e.g., in conductance or permeability to various ions 
(Suzuki et al., supra at 6335). 

Another cation channel protein that has been identified as sharing a relatively low 
sequence homology (<30%) with the vanilloid family is ECaC (epithelial calcium channel). 

20 This protein was initially cloned from rabbit kidney cells and found to be expressed in the 
proximal small intestine, the kidney and the placenta of the rabbit. This protein was 
disclosed as resembling the VRl and TRP family of receptors in predicted topological 
organization and the presence of multiple NH^-terminal ankyrin repeats. In addition, amino 
acid sequence homologies between ECaC, VRl and the TRP-related proteins were noted 

25 within and adjacent to the sixth transmembrane segment, including the predicted region for 
the ion permeation path (Hoenderop et al., March 1999, J. Biol. Chem. 274 (No. 13): 8375- 
8378). However, it was also noted that, despite these structural and sequence homologies, 
there is actually a low sequence homology between these proteins outside of the sixth 
transmembrane segment, "suggesting a distant evolutionary relationship among these 

30 channels." (Hoenderop et al., supra at 8377). 

More recently, the human homologue of ECaC, hECaC, has been identified and 
disclosed as having a <30% sequence homology with other Ca^"" channels and as being 
highly expressed in kidney, small intestine, and pancreas (see MuUer, et al., 2000, 
Genomics 67: 48-53). Also, Trpl2 is reported to show 32% and 46% sequence homology 

35 
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with the ECaC channel and the Vrl, respectively, and is highly expressed in mouse kidney 
(Wisenbach supra) s. 

Yet another Ca^"" transport protein, CaTl, has been identified firom rat duodenum, 
which protein is structurally related to the ECaC, VRl, and TRP ion channels. However, 

5 CaTl is not stimulated by capsaicin or calcium store depletion, as would be expected with 
VRl and the TRP receptors, respectively, thus suggesting that CaTl is not a subtype of the 
VRl or TRP ion channels (Peng et al., August 1999, J. Biol. Chem. 274 (No. 32): 22739- 
22746). More recently, a homologue of CaTl, termed CaT2, has been identified in the rat 
(Peng et al., September 2000, J. Biol. Chem. 275 (36): 28186-28194). 

1 0 Finally, it should be noted that, while the proteins described above have clear 

structural and sequence homologies (compare Zhu et al., supra. Fig. 6D at 668, Caterina et 
al., supra, Fig. 5b at 819, and Hoenderop et al.. Fig. IB at 8376), they nevertheless display 
varying patterns of tissue expression, electrophysiological properties and functions (e.g., 
selective vs. non-selective), such that it is acknowledged in the art that these molecules, 

1 5 while distantly related fi*om an evolutionary standpoint, are a diverse group of proteins with 
significantly different and distinct properties and functions (Suzuki et al., supra at 6335; 
Hoenderop et al., supra at 8377; and Caterina et al,, supra at 822). For a review of the 
various members of this complex family of proteins, see Harteneck et al., 2000, Trends 
Neurosci. 23: 159-166. 

20 

3. SUMMARY OF THE INVENTION 
The present invention relates to the isolation and identification of novel nucleic acid 
molecules and proteins and polypeptides encoded by such nucleic acid molecules, or 
degenerate variants thereof, that participate in the formation or function of novel human ion 

25 channels. More specifically, the nucleic acid molecules of the invention include two novel 
human genes that encode proteins or polypeptides involved in the formation or function of 
novel cation chaimels. The novel proteins of the invention display some sequence 
homology and structural homology to the TRP and vanilloid family of cation channels but 
represent distinct human channel proteins with distinct distribution pattems, e.g., tissue 

30 expression. 

According to one embodiment of the invention, a novel human cDNA, termed 
hCCh3, and the amino acid sequence of its derived expressed protein, is disclosed. This 
cDNA has been isolated in two splice forms, hCCh3. 1 and hCCh3.2, which differ in the 
presence (hCCh3.1) or absence (hCCh3.2) of a 180 base pair segment. The encoded protein 
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corresponding to the hCChS.l cDNA shows a modest level of homology to the human 
vanilloid receptor family of ion channels approximately 44-50%). 

According to another embodiment of the invention, a novel human cDNA, termed 
hCCh4, and the amino acid sequence of its derived expressed protein, is disclosed. The 
5 encoded protein corresponding to the hCCh4 cDNA shows a relatively low level of 

homology to the human vanilloid receptor family of ion channels (approximately 30-35%). 
The hCCh3 and hCCh4 DNA sequences disclosed herein share an overall sequence 
homology of 49%. 

The compositions of this invention include nucleic acid molecules, e.g., the hCCh3 

1 0 and hCCh4 genes, including recombinant DNA molecules, cloned genes or degenerate 
variants thereof, especially naturally occurring variants, which encode novel hCCh3 and 
hCCh4 gene products, and antibodies directed against such gene products or conserved 
variants or fragments thereof. 

In particular, the compositions of the present invention include nucleic acid 

15 molecules (also referred to herein as "hCCh nucleic acid molecules" or "hcch nucleic 
acids") which comprise the following sequences referred to interchangeably either 
"nucleotide sequences" or "nucleic acid sequences": (a) nucleotide sequences of the human 
hCCh3.1, hCCh3.2 or hCCh4 genes, e.g., as depicted in FIGS. 1, 3 and 5, respectively, and 
as deposited with the American Type Culture Collection (ATCC) as disclosed in Section 7, 

20 infra, as well as allelic variants and homologs thereof; (b) nucleotide sequences that encode 
the hCCh3.1, hCCh3,2 or hCCh4 gene product amino acid sequences, as depicted in FIGS. 
2, 4 and 6, respectively; (c) nucleotide sequences that encode portions of the hCChS.l, 
hCCh3.2 or hCCh4 gene products corresponding to fimctional domains and individual 
exons; (d) nucleotide sequences comprising the novel hCCh3.1, hCCh3.2 or hCCh4 gene 

25 sequences disclosed herein, or portions thereof, tliat encode mutants of the corresponding 
gene product in which all or a part of one or more of the domains is deleted or altered; (e) 
nucleotide sequences that encode fusion proteins comprising the hCChS.l, hCCh3.2 or 
hCCh4 gene product, or one or more of its domains, fused to a heterologous polypeptide; (f) 
nucleotide sequences within the hCCh3.1, hCCh3.2 or hCCh4 gene, as well as 

30 chromosome sequences flanking those genes, that can be utilized as part of the methods of 
the present invention for the diagnosis or treatment of human disease; and (g) nucleotide 
sequences that hybridize to the above-described sequences under stringent or moderately 
stringent conditions. The nucleic acid molecules of the invention include, but are not 
limited to, cDNA and genomic DNA sequences of the hCCh3.1, hCCh3.2 and hCCh4 

35 genes. 
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The present invention also encompasses gene products of the nucleic acid molecules 
listed above; i.e., proteins and/or polypeptides that are encoded by the above-disclosed 
hCCh nucleic acid molecules, e.g., the hCChS. 1, hCCh3.2 and hCCh4 nucleic acid 
molecules, and are expressed in recombinant host systems. 
5 Antagonists and agonists of the hCCh genes and/or gene products disclosed herein 

are also included in the present invention. Such antagonists and agonists will include, for 
example, small molecules, large molecules, and antibodies directed against the hCChS.l, 
hCCh3.2 or hCCh4 gene product. Antagonists and agonists of the invention also include 
nucleotide sequences, such as antisense and ribozyme molecxxles, and gene or regulatory 
1 0 sequence replacement constructs, that can be used to inhibit or enhance expression of the 
disclosed hCCh nucleic acid molecules. 

The present invention further encompasses cloning vectors, including expression 
vectors, that contain the nucleic acid molecules of the invention and can be used to express 
those nucleic acid molecules in host organisms. The present invention also relates to host 

15 cells engineered to contain and/or express the nucleic acid molecules of the invention. 
Further, host organisms that have been transfomied with these nucleic acid molecules are 
also encompassed in the present invention, e.g., transgenic animals, particularly transgenic 
non-human animals, and particularly transgenic non-hxmian mainmals. 

The present invention also relates to methods and compositions for the diagnosis of 

20 human disease involving cation, e.g., Ca^^, sodium or potassium channel, dysfunction or 
lack of other ionic homeostasis including but not limited to, CNS disorders such as stroke 
and degenerative neurological diseases, e.g., Alzheimer's disease, or disorders such as 
cardiac disorders, e.g., arrhythmia, diabetes, chronic pain or other disorders such as 
hypercalcemia, hypercalciuria, or Ca-'', sodium or potassium chaimel dysfunction that is 

25 associated with renal or liver disease. Such methods comprise, for example, measuring 
expression of the hCCh gene in a patient sample, or detecting a mutation in the gene in the 
genome of a mammal, including a human, suspected of exhibiting ion channel dysfunction. 
The nucleic acid molecules of the invention can also be used as diagnostic hybridization 
probes or as primers for diagnostic PGR analysis to identify hCCh gene mutations, allelic 

30 variations, or regulatory defects, such as defects in the expression of the gene. Such 

diagnostic PGR analyses can be used to diagnose individuals with disorders associated with 
a particular hGGh gene mutation, allelic variation, or regulatory defect. Such diagnostic 
PGR analyses can also be used to identify individuals susceptible to ion charmel disorders. 
Methods and compositions, including pharmaceutical compositions, for the 

35 treatment of ion channel disorders are also included in the invention. Such methods and 

-6- 



BNSDOCID: <WO 0153348A2_I_> 



wo 01/53348 



PCT/US()1/01804 



compositions are capable of modulating the level of hCCh, e.g., hCChS.l, hCCh3.2 or 
hCCh4, gene expression and/or the level of activity of the respective gene product. Such 
methods include, for example, modulating the expression of the hCCh gene and/or the 
activity of the hCCh gene product for the treatment of a disorder that is mediated by a defect 

5 in some other gene. 

Such methods also include screening methods for the identification of compounds 
that modulate the expression of the nucleic acids and/or the activity of the polypeptides of 
the invention, e.g., assays that measure hCChS or hCCh4 mRNA and/or gene product 
levels, and assays that measure levels of hCCh3 or hCCh4 activity, such as the ability of the 

1 0 gene products to allow Ca^^ influx into cells. 

For example, cellular and non-ceilular assays are known that can be used to identify 
compounds that interact with the hCCh gene and/or gene product, e.g., modulate the activity 
ofthe gene and/or bind to the gene product. Such cell-based assays of the invention utilize 
cells, cell lines, or engineered cells or cell lines that express the gene product. 

15 In one embodiment, such methods comprise contacting a compound to a cell that 

expresses a hCCh gene, measuring the level of gene expression, gene product expression, or 
gene product activity, and comparing this level to the level ofthe hCCh gene expression, 
gene product expression, or gene product activity produced by the cell in the absence ofthe 
compound, such that if the level obtained in the presence of the compound differs from that 

20 obtained in its absence, a compound that modulates the expression of the hCCh gene and/or 
the synthesis or activity of the gene product has been identified. 

In an alternative embodiment, such methods comprise administering a compound to 
a host organism, e.g., a transgenic animal that expresses a hCCh transgene or a mutant 
hCCh transgene, and measuring the level of hCCh gene expression, gene product 

25 expression, or gene product activity. The measured level is compared to the level of hCCh 
gene expression, gene product expression, or gene product activity in a host that is not 
exposed to the compound, such that if the level obtained when the host is exposed to the 
compound differs from that obtained when the host is not exposed to the compound, a 
compound that modulates the expression of the hCCh gene and/or the syntliesis or activity 

30 of hCCh gene products has been identified. 

The compounds identified by these methods include therapeutic compounds that can 
be used as pharmaceutical compositions to reduce or eliminate the symptoms of ion channel 
disorders such as CNS disorders, e.g., stroke or degenerative neurological diseases, cardiac 
diseases or other ion-related disorders such as hypercalcemia, hypocalcemia, hypercalciuria, 

35 hypocalciuria, or ion disorders that are associated with renal or liver disease, 
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4. DESCRIPTION OF THE FIGURES 
FIG. 1. Human hCChS.l nucleotide sequence. 
FIG. 2. Human hCChS.l amino acid sequence, 
FIG. 3. Human hCCh3.2 nucleotide sequence. 
5 FIG. 4. Human hCCh3.2 amino acid sequence. 

FIG. 5. Human hCCh4 nucleotide sequence. 
FIG. 6. Human hCCh4 amino acid sequence. 

FIG. 7. Alignment of protein sequences for hCCli3 and hCCh4 with the reported 
vanilloid receptors VRl and VR2. Ankyrin domains are in boldface, transmembrane 
1 0 domains are underlined, and the pore region is boxed. 

5. DETAILED DESCRIPTION OF THE INVENTION 
The present invention relates to the isolation and identification of novel nucleic acid 
molecules and proteins and polypeptides for the formation or function of novel human ion 
channels. More specifically, the invention relates to novel human genes which include 
hCCh3.1, hCCh3.2 and hCCh4, which encode corresponding hCCh3.1, hCCh3.2 and 
hCCh4 proteins or biologically active derivatives or fragments thereof, involved in the 
formation or function of cation channels. 

The "hCCh nucleic acid molecules" or "hCCh nucleic acids" of the present invention 
may also refer to isolated naturally-occurring or recombinantly-produced human hCCh3.1, 
hCCh3.2 and hCCh4 nucleic acid molecules, e.g., DNA molecules, cloned genes or 
degenerate variants thereof The compositions of the invention also include isolated, 
naturally-occurring or recombinantly-produced human hCCh3. 1 , hCCh3.2 and hCCh4 
proteins or polypeptides. 

More specifically, disclosed herein is the DNA sequence 
of two splice variants of the hCChS gene of the invention. These variants are referred to 
herein as hCCh3.1 and hCCh3.2 (see FIGS. 1 and 3, respectively). The hCCh3.2 DNA 
sequence contains a deletion of 180 base pairs representing a region that includes a portion 
of the third ankyrin domain repeat and conserved Protein Kinase C (PKC)/calcineurin and 
tyrosine phosphorylation sites. The encoded protein of the hCCh3.1 gene displays a modest 
level of homology wdth the human vanilloid receptor and vanilloid-related receptor, 47% 
and 44% overall identity, respectively. 

The DNA sequence for another hCCh gene, hCCh4, is also disclosed herein. The 
encoded protein of hCCh4 gene displays a relatively low level of homology with the htraian 
vanilloid receptor and vanilloid-related receptor, 33% and 3 1% overall identity, 
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respectively. The hCChS and hCCh4 DNA sequences of this invention display an overall 
sequence homology of 49%. The hCCh DNA sequences and encoded proteins of this 
invention also differ from the vanilloid family of ion channels m their patterns of tissue 
expression. For example, the highest levels of hCChS expression occur in the trachea and 

5 salivary gland. Moderate to low levels of expression are also observed in the kidney, 

esophagus, mammary gland and placenta. The highest levels of hCCh4 expression occur in 
the placenta, prostate, salivary gland and pancreas with lower but significant levels observed 
in a variety of brain regions. 

Moreover, neither hCCh protein channel as disclosed herein mediates the actions of 

10 capsaicin or other related vanilloids. When expressed alone, neither hCChS nor hCCh4 
confers sensitivity to capsaicin or resiniferatoxin, hgands used in the art to define the 
vanilloid receptor subtypes, in a Ca"^-flux assay. 

Other embodiments of the invention include antibodies directed to the hCCh, e.g., 
hCChS.l, hCCh3.2 and hCCh4, proteins or polypeptides of the invention and methods and 

15 compositions for the diagnosis and treatment of human diseases related to ion channel 
dysfunction as described below. 

5.1. THE hCCh NUCLEIC ACID MOLECULES OF THE INVENTION 

The hCCh genes of the invention, e.g., hCChS.l, hCCh3.2 and hCCh4, are novel 

20 human nucleic acid molecules that encode proteins or polypeptides involved in the 
formation or function of novel human ion channels. Although these novel genes and 
proteins display some sequence and structural homology to the TRP and vanilloid families 
of cation channel proteins as well as other cation charmel proteins known in the art, it is also 
known in the art that proteins displaying these homologies have significant differences in 

25 function, such as conductance and permeability, as well as differences in tissue expression. 
As such, it is acknowledged in the art that nucleic acid molecules and the proteins encoded 
by those molecules sharing these homologies can still represent diverse, distinct and unique 
nucleic acids and proteins, respectively. 

The hCCh nucleic acid molecules of the invention include the following: (a) a 

30 nucleic acid molecule containing the DNA sequence, hCChS.l, hCCh3,2 or hCCh4, as 
shovm in FIG. 1, 3 or 5, respectively, or as contained in the cDNA clone hCCh3.1- 
pcDNA3.1(+), hCCh3.2-pcDNA3.1(+), or hCCh4-pcDNA3.1(+), as deposited with the 
ATCC; (b) any DNA sequence that encodes the amino acid sequence, hCCh3.1, hCCh3.2 or 
hCCh4, as shown in FIG. 2, 4 or 6, respectively, or encoded by the cDNA clones hCChS.l- 

35 pcDNA3.1(+), hCCh3.2-pcDNA3.1(+), or hCCh4-pcDNA3.1(+), as deposited with the 
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ATCC; (c) any DNA sequence that hybridizes to the complement of DNA sequences that 
encode the amino acid sequences of FIG. 2, 4 or 6, respectively, or contained in the cDNA 
clones hCCh3.1-pcDNA3.1(+), hCCh3.2-pcDNA3.1(+), or hCCh4-pcDNA3.1(+), as 
deposited with the ATCC, under highly stringent conditions, e.g., hybridization to fiher- 
5 bound DNA in 0.5 M NaHP04, 7% sodium dodecyl sulfate (SDS), 1 mM EDTA at 65 °C, 
and washing in O.lxSSC/0.1% SDS at 68^C (see, e.g., Ausubel F.M. et al., eds., 1989, 
Current Protocols in Molecular Biology, Vol. I, Green Publishing Associates, Inc., and John 
Wiley & sons, Inc., New York, at p. 2,10.3) or (d) any DNA sequence that hybridizes to the 
complement of DNA sequences that encode the amino acid sequences of FIG. 2, 4 or 6, 
10 respectively, or contained in the cDNA clones hCCh3.1-pcDNA3.1(+), hCCh3.2- 

pcDNA3.1(+), or hCCh4-pcDNA3.1(+), as deposited with the ATCC, under less stringent 
conditions, such as moderately stringent conditions, e.g., washing in 0.2xSSC/0.1% SDS at 
42 °C (Ausubel et al., 1989, supra ), and which encodes a gene product functionally 
equivalent to a hCCh gene product encoded by the deposited sequences or the sequences 

1 5 depicted in FIG. 2, 4 or 6. "Functionally equivalent" as used herein refers to any protein 
capable of exhibiting a substantially similar in vivo or in vitro activity as the hCCh gene 
products encoded by the hCCh nucleic acid molecules described herein, e.g., ion channel 
formation or function. 

As used herein, the term "hCCh nucleic acid molecule" or "hCCh nucleic acid" may 

20 also refer to fragments and/or degenerate variants of DNA sequences (a) through (d), 

including naturally occurring variants or mutant alleles thereof Such fragments include, for 
example, nucleic acid sequences that encode portions of the hCCh protein that correspond 
to functional domains of the protein. One embodiment of such a hCCh nucleic acid 
fragment comprises a nucleic acid that encodes the fifth and sixth transmembrane segments 

25 of the hCCh protein, including the predicted pore loop (see FIG. 7). 

Additionally, the hCCh nucleic acid molecules of the invention include isolated 
nucleic acid molecules, preferably DNA molecules, that hybridize under highly stringent or 
moderately stringent hybridization conditions to at least about 6, preferably at least about 
12, and more preferably at least about 18, consecutive nucleotides of the nucleic acid 

30 sequences of (a) through (d), identified supra . 

The hCCh nucleic acid molecules of the invention also include nucleic acid 
molecules, preferably DNA molecules, that hybridize to, and are therefore complements of, 
the DNA sequences of (a) through (d), supra . Such hybridization conditions may be highly 
stringent or moderately stringent, as described above. In those instances in which the 

35 nucleic acid molecules are deoxyoligonucleotides ("oligos"), highly stringent conditions 
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may include, e.g., wasliing in 6xSSC/0.05% sodium pyrophosphate at 37°C (for 14-base 
oligos), 48°C (for 17-base oligos), 55"C (for 20-base oligos), and 60^C (for 23-base 
oligos). These nucleic acid molecules may encode or act as hCCh antisense molecules 
useful, for example, in hCCh gene regulation or as antisense primers in amplification 

5 reactions of hCCh nucleic acid sequences. Further, such sequences may be used as part of 
ribozyme and/or triple helix sequences, also useful for hCCh gene regulation. Still further, 
such molecules may be used as components of diagnostic methods whereby, for example, 
the presence of a particular hCCh allele or alternatively spliced hCCh transcript responsible 
for causing or predisposing one to a disorder involving ion channel dysfunction may be 

10 detected. 

Typically, the hCCh nucleic acids of the invention should exhibit at least about 80% 
overall similarity at the nucleotide level, more preferably at least about 85-90% overall 
similarity and most preferably at least about 95% overall similarity to the nucleic acid 
sequence of FIG. 1, 3 or 5. 
1 5 Also included within the hCCh nucleic acid molecules of the invention are nucleic 

acid molecules, preferably DNA molecules, comprising an hCCh nucleic acid, as described 
herein, operatively linked to a nucleotide sequence encoding a heterologous protein or 
peptide. 

Moreover, due to the degeneracy of the genetic code, other DNA sequences that 
20 encode substantially the amino acid sequences of hCCh3.1, hCCh3.2 or hCCh4, may be 
used in the practice of the present invention for the cloning and expression of hCCh 
polypeptides. Such DNA sequences include those that are capable of hybridizing to the 
hCCh nucleic acids of this invention vmder stringent (high or moderate) conditions, or that 
would be capable of hybridizing under stringent conditions but for the degeneracy of the 
25 genetic code. 

Altered hCCh DNA sequences that may be used in accordance with the invention 
include deletions, additions or substitutions of different nucleotide residues resulting in a 
nucleic acid molecule that encodes the same or a functionally equivalent gene product as 
those described supra . The gene product itself may contain deletions, additions or 

30 substitutions of amino acid residues v^thin the hCCh protein sequence, which result in a 
silent change, thus producing a functionally equivalent hCCh polypeptide. Such amino acid 
substitutions may be made on the basis of similarity in polarity, charge, solubility, 
hydrophobicity, hydrophilicity, and/or the amphipatic nature of the residues involved. For 
example, negatively-charged amino acids include aspartic acid and glutamic acid; 

35 positively-charged amino acids include lysine and arginine; amino acids with uncharged 
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polar head groups having similar hydrophihcity values include the following: leucine, 
isoleucine, valine; glycine, aniline; asparagine, glutamine; serine, tJireonine; phenylalanine, 
tyrosine. A functionally equivalent hCCh polypeptide can include a polypeptide which 
displays the same type of biological activity (e.g., cation channel) as the native hCCh 

5 protein, but not necessarily to the same extent. 

The nucleic acid molecules or sequences of the invention may be engineered in 
order to alter the hCCh coding sequence for a variety of ends including but not limited to 
alterations that modify processing and expression of the gene product. For example, 
mutations may be introduced using techniques which are well known in the art, e.g., 

1 0 site-directed mutagenesis, to insert new restriction sites, to alter glycosylation pattems, 
phosphorylation, etc. For example, in certain expression systems such as yeast, host cells 
may over-glycosylate the gene product. When using such expression systems, it may be 
preferable to alter the hCCh coding sequence to eliminate any N-linked glycosylation sites. 
In another embodiment of the invention, the hCCh nucleic acid or a modified hCCh 

1 5 sequence may be ligated to a heterologous sequence to encode a fusion protein. The fusion 
protein may be engineered to contain a cleavage site located between the hCCh sequence 
and the heterologous protein sequence, so that the hCCh protein can be cleaved away fi-om 
the heterologous moiety. 

The hCCh nucleic acid molecules of the invention can also be used as hybridization 

20 probes for obtaining hCCh cDNAs or genomic hCCh DNA. In addition, the nucleic acids 
of the invention can be used as primers in PGR amplification methods to isolate hCCh 
cDNAs and genomic DNA, e.g., firom other species. 

The hCCh gene sequences of the invention may also used to isolate mutant hCCh 
gene alleles. Such mutant aUeles may be isolated from individuals either known or 

25 proposed to have a genotype related to ion channel dysfunction. Mutant alleles and mutant 
allele gene products may then be utilized in the screening, therapeutic and diagnostic 
systems described in Section 5.4., infra . Additionally, such hCCh gene sequences can be 
used to detect hCCh gene regulatory (e.g., promoter) defects which can affect ion channel 
function. 

30 A cDNA of a mutant hCCh gene may be isolated, for example, by using PGR, a 

technique which is well known to those of skill in the art (see, e.g., U.S. Patent No. 
4,683,202). The first cDNA strand may be synthesized by hybridizing an oligo-dT 
oligonucleotide to mRNA isolated fi-om tissue known or suspected to be expressed in an 
individual putatively carrying the mutant hCCh allele, and by extending the new strand with 

35 reverse transcriptase. The second strand of the cDNA is then synthesized using an 
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oligonucleotide that hybridizes specifically to the 5' end of the normal gene. Using these 
two primers, the product is then amplified via PGR, cloned into a suitable vector, and 
subjected to DNA sequence analysis through methods well known in the art. By comparing 
the DNA sequence of tlie mutant hCCh allele to that of the normal hCCh allele, the 

5 mutation(s) responsible for the loss or alteration of function of the mutant hCCh gene 
product can be ascertained. 

Alternatively, a genomic library can be constructed using DNA obtained from an 
individual suspected of or known to carry the mutant hCCh allele, or a cDNA library can be 
constructed using RNA from a tissue known, or suspected, to express the mutant hCCh 

10 allele. The normal hCCh gene or any suitable fragment thereof may then be labeled and 
used as a probe to identify the corresponding mutant hCCh allele in such libraries. Clones 
containing the mutant hCCh gene sequences may then be purified and subjected to sequence 
Einalysis according to methods well known in the art. 

According to another embodiment, an expression library can be constructed utilizing 

1 5 cDNA synthesized from, for example, RNA isolated from a tissue known, or suspected, to 
express a mutant hCCh allele in an individual suspected of or known to carry such a mutant 
allele. Gene products made by the putatively mutant tissue may be expressed and screened 
using standard antibody screening tecliniques in conjunction with antibodies raised against 
the normal hCCh gene product, as described in Section 5.3, supra . For screening 

20 techniques, see, for example, Harlow, E. and Lane, eds., 1988, "Anti-bodies: A Laboratory 
Manual", Cold Spring Harbor Press, Cold Spring Harbor. 

In cases where a hCCh mutation results in an expressed gene product with altered 
function (e.g., as a result of a missense or a frameshift mutation), a polyclonal set of anti- 
hCCh gene product antibodies are likely to cross-react with the mutant hCCh gene product. 

25 Library clones detected via their reaction with such labeled antibodies can be purified and 
subjected to sequence analysis according to methods well known to those of skill in the art. 

In an alternate embodiment of the invention, the coding sequence of hCCh can be 
synthesized in whole or in part, using chemical methods well known in the art, based on the 
nucleic acid and/or amino acid sequences of the hCCh genes and proteins disclosed herein. 

30 See, for example, Caruthers et al., 1980, Nuc. Acids Res. Symp. Ser. 7: 215-233; Crea and 
Horn, 1980, Nuc. Acids Res. 9(10): 2331; Matteucci and Caruthers, 1980, Tetrahedron 
Letters 21: 719; and Chow and Kempe, 1981, Nuc. Acids Res. 9(12): 2807-2817. 
Alternatively, the hCCh protein itself can be produced using chemical methods to 
synthesize the hCCh amino acid sequence in whole or in part. For example, peptides can be 

35 synthesized by solid phase techniques, cleaved from the resin, and purified by preparative 
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high performance liquid chromatography (see, e.g., Creighton, 1983, Proteins Structures 
And Molecular Principles, W.H. Freeman and Co., N.Y., pp. 50-60). The composition of 
the synthetic peptides may be confirmed by amiao acid analysis or sequencing (e.g., the 
Edman degradation procedure; see Creighton, 1983, Proteins, Structures and Molecular 
Principles, W.H. Freeman and Co., N.Y., pp. 34-49). 

The invention also encompasses (a) DNA vectors that contaia any of the foregoing 
hCCh sequences and/or their complements; (b) DNA expression vectors that contain any of 
the foregoing hCCh coding sequences operatively associated with a regulatory element that 
directs the expression of the coding sequences; and (c) genetically engineered host cells that 
0 contain any of the foregoing hCCh coding sequences operatively associated wdth a non- 
native regulatory element that directs the expression of the coding sequences in the host 
cell. As used herein, regulatory elements include, but are not limited to inducible and non- 
inducible promoters, enhancers, operators and other elements known to those skilled in the 
art that drive and regulate expression. Such regulatory elements include but are not limited 
5 to the cytomegalovirus hCMV immediate early gene, the early or late promoters of SV40 
adenovirus, the lac system, the ^ system, the TAC system, the TRC system, the major 
operator and promoter regions of phage A, the control regions of fd coat protein, the 
promoter for 3-phosphoglycerate kinase, the promoters of acid phosphatase, and the 
promoters of the yeast oc-mating factors. 

The invention still further includes nucleic acid analogs, including but not limited to 
peptide nucleic acid analogues, equivalent to the nucleic acid molecules described herein. 
"Equivalent" as used in this context refers to nucleic acid analogs that have the same 
primary base sequence as the nucleic acid molecules described above. Nucleic acid analogs 
and methods for the synthesis of nucleic acid analogs are well known to those of skill in the 
art. See, e.g., Eghohn, M. et al., 1993, Nature 365:566-568; and Perry-O'Keefe, H. et al., 
1996, Proc. Natl. Acad. USA 93:14670-14675. 

5.2. EXPRESSION OF RECOMBINANT hCCh POLYPEPTIDES 
The hCCh nucleic acid molecules of the invention may be used to generate 
recombinant DNA molecules that direct the expression of hCCh polypeptides, including the 
full-length hCCh protein, e.g., hCCh3.1, hCCh3.2, or hCCh4, functionally active or 
equivalent hCCh peptides thereof, or hCCh fusion proteins in appropriate host cells. 

In order to express a biologically active hCCh polypeptide, a nucleic acid molecule 
coding for the polypeptide, or a fimctional equivalent thereof as described in Section 5.1, 
supra, is inserted into an appropriate expression vector, i.e., a vector which contains the 
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necessary elements for the transcription and translation of the inserted coding sequence. 
The hCCh gene products so produced, as well as host cells or cell lines transfected or 
transformed with recombinant hCCh expression vectors, can be used for a variety of 
purposes. These include but are not limited to generating antibodies (i.e., monoclonal or 
5 polyclonal) that bind to the hCCh protein^ including those that compethively inhibit binding 
and tlius can ''neutralize" hCCh activity, and the screening and selection of hCCh analogs or 
ligands. 

Methods which are well known to those skilled in the art are used to construct 
expression vectors containing the hCCh coding sequences of the invention and appropriate 

10 transcriptional and translational control signals. These methods include in vitro 

recombinant DNA techniques, synthetic techniques and in vivo recombination/genetic 
recombination. See, for example, the techniques described in Maniatis et al., 1989, 
Molecular Cloning, A Laboratory Manual, Cold Spring Harbor iLaboratory, N. Y. and 
Ausubel et al., 1989, Current Protocols in Molecular Biology, Greene Publishing Associates 

15 and Wiley hiterscience, N.Y. See also Sambrook et al., 1989, Molecular Cloning, A 
Laboratory Manual, Cold Spring Harbor Press, N.Y. 

A variety of host-expression vector systems may be used to express the hCCh 
coding sequences of this invention. Such host-expression systems represent vehicles by 
which the coding sequences of interest may be produced and subsequently purified, but also 

20 represent cells which may, when transformed or transfected with the appropriate nucleotide 
coding sequences, exhibit the corresponding hCCh gene products in situ and/or function m 
vivo . These hosts include but are not limited to microorganisms such as bacteria (e.g., R 
coli, B. subtilis ) transformed with recombinant bacteriophage DNA, plasmid DNA or 
cosmid DNA expression vectors containing the hCCh coding sequences; yeast (e.g., 

25 Saccharomvces , Pichia ) transformed with recombinant yeast expression vectors containing 
the hCCh coding sequences; insect cell systems infected with recombinant vims expression 
vectors (e.g., baculovirus) containing the hCCh coding sequences; plant cell systems 
infected with recombinant virus expression vectors (e.g., cauliflower mosaic virus, CaMV; 
tobacco mosaic virus, TMV) or transformed with recombinant plasmid expression vectors 

30 (e.g., Ti plasmid) containing the hCCh coding sequences; or mammalian cell systems (e.g., 
COS, CHO, BHK, 293, 3T3) harboring recombinant expression constmcts containing 
promoters derived from the genome of mammalian cells (e.g., the metallothionein 
promoter) or from mammalian vimses (e.g., the adenovirus late promoter or vaccinia virus 
7.5K promoter). 

35 
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The expression elements of these systems can vary in their strength and specificities. 
Depending on the host/vector system utilized, any of a number of suitable transcription and 
translation elements, including constitutive and inducible promoters, may be used in the 
expression vector. For example, when cloning in bacterial systems, inducible promoters 

5 such as pL of bacteriophage A., plac, ptrp, ptac (ptrp-lac hybrid promoter) and the like may 
be used; when cloning in insect cell systems, promoters such as the baculovirus polyhedrin 
promoter may be used; when cloning in plant cell systems, promoters derived from the 
genome of plant cells (e.g., heat shock promoters; the promoter for the small subunit of 
RUBISCO; the promoter for the chlorophyll a/b binding protein) or fi-om plant viruses (e.g., 

10 the 35S RNA promoter of CaMV; the coat protein promoter of TMV) may be used; when 
cloning in mammalian cell systems, promoters derived from the genome of mammalian 
cells (e.g., metallothionein promoter) or from mammalian viruses (e.g., the adenovims late 
promoter; the vaccinia vims 7.5K promoter) may be used; when generating cell lines that 
contain multiple copies of the hCCh DNA, SV40-, BPV- and EBV-based vectors may be 

1 5 used with an appropriate selectable marker. 

In bacterial systems, a number of expression vectors may be advantageously selected 
depending upon the use intended for the hCCh expressed. For example, when large 
quantities of an hCCh polypeptide are to be produced, e.g., for the generation of antibodies 
or the production of the hCCh gene product, vectors which direct the expression of high 

20 levels of fusion protein products that are readily purified may be desirable. Such vectors 
include but are not limited to the E. coli expression vector pUR278 (Ruther et al., 1983, 
EMBO J. 2: 1791), in which the hCCh coding sequence may be ligated into the vector in 
fi-ame with the lacZ coding region so that a hybrid hCCh/lacZ protein is produced; pIN 
vectors (Inouye & Inouye, 1985, Nucleic Acids Res. 13: 3101-3109; Van Heeke & Schuster, 

25 1989, J. Biol. Chem. 264: 5503-5509); and the like. pGEX vectors may also be used to 
express foreign polypeptides as fiision proteins with glutathione S-transferase (GST). In 
general, such fusion proteins are soluble and can easily be purified from lysed cells by 
affinity chromatography, e.g., adsorption to glutathione-agarose beads followed by elution 
in the presence of fi-ee glutathione. The pGEX vectors are designed to include thrombin or 

30 factor Xa protease cleavage sites so that the cloned polypeptide of interest can be released 
fi-om the GST moiety. See also Booth et al., 1988, hnmunoL Lett. 19: 65-70; and Gardella 
et al., 1990, J. Biol. Chem. 265: 15854-15859; Pritchett et al„ 1989, Biotechniques 7: 580. 

In yeast, a number of vectors containing constitutive or inducible promoters may be 
used. For a review, see Ciment Protocols in Molecular Biology, Vol. 2, 1988, Ed. Axisubel 

35 et al., Greene Publish. Assoc. & Wiley Interscience, Ch. 13; Grant et al., 1987, Expression 
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and Secretion Vectors for Yeast, in Methods in Enzyniology, Eds, Wu & Grossman, 1 987, 
Acad. Press, N.Y., Vol. 153, pp. 516-544; Glover, 1986, DNA Cloning, Vol. H, IRL Press, 
Wash., D.C., Ch. 3; and Bitter, 1987, Heterologous Gene Expression in Yeast, Methods in 
Enzymology, Eds. Berger & Kimmel, Acad. Press, N.Y., Vol, 152, pp. 673-684; and The 
5 Molecular Biology of the Yeast Saccharomyces, 1 982, Cold Spring Harbor Press, Vols. I 
and IL 

In an insect system, Autographa califomica nuclear polyhidrosis virus (AcNPV) can 
be used as a vector to express foreign genes. The vims grows in Spodoptera frugiperda 
cells. The hCCh coding sequence may be cloned into non-essential regions (for example, 

10 the polyhedrin gene) of the vmis and placed under control of an AcNPV promoter (for 
example, the polyhedrin promoter). Successful insertion of the hCCh coding sequence will 
result in inactivation of the polyhedrin gene and production of non-occluded recombinant 
virus (i.e., virus lacking the proteinaceous coat coded for by the polyhedrin gene). These 
recombinant viruses can then be used to infect Spodoptera frugiperda cells in which the 

15 inserted gene is expressed (see e.g.. Smith et al., 1983, J. Virol. 46: 584; Smith, U.S. Patent 
No. 4,215,051). 

In mammalian host cells, a number of viral-based expression systems may be 
utilized. In cases where an adenovirus is used as an expression vector, the hCCh coding 
sequence may be ligated to an adenovirus transcription/translation control complex, e.g., the 

20 late promoter and tripartite leader sequence. This chimeric gene may then be inserted in the 
adenovirus genome by in vitro or in vivo recombination. Insertion in a non-essential region 
of the viral genome (e.g., region El or E3) will result in a recombinant virus that is viable 
and capable of expressing hCCh in infected hosts (see, e.g., Logan & Shenk, 1984, Proc. 
Natl. Acad. Sci. (USA) 81: 3655-3659). Alternatively, the vaccinia 7.5K promoter may be 

25 used (see, e.g., Mackett et al., 1982, Proc. Natl. Acad. Sci. (USA) 79: 7415-7419; Mackett 
et al., 1984, J. Virol. 49: 857-864; PanicaU et al., 1982, Proc. Natl. Acad. Sci. 79: 4927- 
4931). 

Specific initiation signals may also be required for efficient translation of inserted 
hCCh coding sequences. These signals include the ATG initiation codon and adjacent 

30 sequences. In cases where the entire hCCh gene, including its own initiation codon and 
adjacent sequences, is inserted into the appropriate expression vector, no additional 
translational control signals may be needed. However, in cases where only a portion of the 
hCCh coding sequence is inserted, exogenous translational control signals, including the 
ATG initiation codon, must be provided. Furthermore, the initiation codon must be in 

35 phase with the reading frame of the hCCh coding sequence to ensure translation of the 
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entire insert. These exogenous txanslational control signals and initiation codons can be of a 
variety of origins, both natural and synthetic. The efficiency of expression may be enhanced 
by the inclusion of appropriate transcription enhancer elements, transcription terminators, 
etc. (see, e.g., Bittner et aL, 1987, Methods in Enzymol. 153:516-544). 

5 In addition, a host cell strain may be chosen which modulates the expression of the 

inserted sequences, or modifies and processes the gene product in the specific fashion 
desired. Such modifications (e.g., glycosylation) and processing (e.g., cleavage) of protein 
products may be important for the function of the protein. Different host cells have charac- 
teristic and specific mechanisms for the post-translational processing and modification of 

10 proteins. Appropriate cells lines or host systems can be chosen to ensure the correct 

modification and processing of the foreign protein expressed. To this end, eukaryotic host 
cells which possess the cellular machinery for proper processing of the primary transcript, 
glycosylation, and phosphorylation of the gene product may be used. Such mammalian host 
cells include but are not limited to CHO, VERO, BHK, HeLa, COS, MDCK, 293, WI38, 

15 etc. 

For long-term, high-yield production of recombinant proteins, stable expression is 
preferred. For example, cell lines which stably express the hCCh polypeptides of this 
invention may be engineered. Thus, rather than using expression vectors which contain 
viral origins of replication, host cells can be transformed with hCCh nucleic acid molecules, 

20 e.g., DNA, controlled by appropriate expression control elements (e.g., promoter, enhancer, 
sequences, transcription terminators, polyadenylation sites, etc.), and a selectable marker. 
Following the introduction of foreign DNA, engineered cells may be allowed to grow for 1- 
2 days in an enriched media, and then are switched to a selective media. The selectable 
marker in the recombinant plasmid confers resistance to the selection and allows cells to 

25 stably integrate the plasmid into their chromosomes and grow to form foci which in tum can 
be cloned and expanded into cell lines. This method may advantageously be used to 
engineer cell lines which express hCCh polypeptides on the cell surface. Such engineered 
cell lines are particularly useful in screening for hCCh analogs or ligands. 

In instances where the mammalian cell is a h\mian cell, among the expression 

30 systems by which the hCCh nucleic acid sequences of the invention can be expressed are 
human artificial chromosome (HAC) systems (see, e.g., Harrington et al., 1997, Nature 
Genetics 15: 345-355). 

In another embodiment, the expression characteristics of an endogenous gene (e,g,, 
hCCh genes) within a cell, cell line or microorganism may be modified by inserting a DNA 

35 regulatory element heterologous to the endogenous gene of interest into the genome of a 
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cell, stable cell line or cloned microorganism such that the inserted regulatory element is 
operatively linked with the endogenous gene (e,g,, hCCh genes) and controls, modulates or 
activates. For example, endogenous hCCH genes which are normally "transcriptionally 
silent", i.e,^ a hCCh genes which is nomially not expressed, or are expressed only at very 
5 low levels in a cell line or microorganism, may be activated by inserting a regulatory 

element which is capable of promoting the expression of a normally expressed gene product 
in that cell line or microorganism. Alternatively, transcriptionally silent, endogenous hCCh 
genes may be activated by insertion of a promiscuous regulatory element that works across 
cell types. 

10 A heterologous regulatory element may be inserted into a stable cell line or cloned 

microorganism, such that it is operatively linked with and activates expression of 
endogenous hCCh genes, using techniques, such as targeted homologous recombination, 
which are well known to those of skill in the art, and described e.g., in Chappel, U.S. Patent 
No. 5,272,071; PCT publication No. WO 91/06667, published May 16, 1991; Skoultchi 

15 U.S. Patent No. 5,981,214; and Treco et al U.S. Patent No. 5,968,502 and PCT publication 
No. WO 94/12650, published June 9, 1994, each of which is incorporated by reference in its 
entirety. Alternatively, non-targeted, e,g,, non-homologous recombination techniques 
which are well-known to those of skill in the art and described, e.g., in PCT publication No. 
WO 99/15650, published April 1, 1999, may be used, which is incorporated by reference in 

20 its entirety. 

hCCh gene products can also be expressed in transgenic animals such as mice, rats, 
rabbits, guinea pigs, pigs, micro-pigs, sheep, goats, and non-human primates, e.g., baboons, 
monkeys, and chimpanzees. The term "transgenic" as used herein refers to animals 
expressing hCCh nucleic acid sequences from a different species (e.g., mice expressing 

25 human hCCh nucleic acid sequences), as well as animals that have been genetically 

engineered to overexpress endogenous (i.e., same species) hCCh nucleic acid sequences or 
animals that have been genetically engineered to no longer express endogenous hCCh 
nucleic acid sequences (i.e., "knock-out" animals), and their progeny. 

Transgenic animals according to this invention may be produced using techniques 

30 well known in the art, including but not limited to pronuclear microinjection (Hoppe, P.C. 
and Wagner, T.E., 1989, U.S. Pat. No. 4,873,191); retrovirus mediated gene transfer into 
germ lines (Van der Putten et ah, 1985, Proc. Natl. Acad. Sci., USA 82: 6148-6152); gene 
targeting in embryonic stem cells (Thompson et al., 1989, Cell 56: 313-321); 
electroporation of embryos (Lo, 1983, Mol Cell. Biol. 3: 1803-1814); and sperm-mediated 
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gene transfer (Lavitrano et aL, 1989, Cell 57: 717-723); etc. For a review of such 
techniques, see Gordon, 1989, Transgenic Animals, Intl. Rev. Cytol. 115: 171-229. 

In addition, any technique known in the art may be used to produce transgenic 
animal clones containing a hCCh transgene, for example, nuclear transfer into enucleated 
5 oocytes of nuclei from cultured embryonic, fetal or adult cells induced to quiescence 
(Campbell et al., 1996, Nature 380: 64-66; Wilmut et al., 1997, Nature 385: 810-813). 

Host cells which contain the hCCh coding sequence and which express a 
biologically active gene product may be identified by at least four general approaches; (a) 
DNA-DNA or DNA-RNA hybridization; (b) the presence or absence of "marker" gene 
1 0 functions; (c) assessing the level of transcription as measured by the expression of hCCh 
mRNA transcripts in the host cell; and (d) detection of the gene product as measured by 
immunoassay or by its biological activity. 

In the first approach, the presence of the hCCh coding sequence inserted in the host 
cell can be detected by DNA-DNA or DNA-RNA hybridization using probes comprising 
15 nucleotide sequences that are homologous to the hCCh coding sequence, respectively, or 
portions or derivatives thereof. 

In the second approach, the selection of host cells that have been engineered to 
overexpress the endogenous gene (e.g., by targeted or non-targeted insertion of expression 
control elements) may be accomplished by DNA-RNA hybridization, e.g., Northern 
20 analysis. Expression host systems can be identified and selected based upon the presence or 
absence of certain "marker" gene functions. For example, if the hCCh coding sequence is 
inserted within a marker gene sequence of the vector, recombinants containing the hCCh 
coding sequence can be identified by the absence of the marker gene function. 
Alternatively, a marker gene can be placed in tandem with the hCCh sequence under the 
25 control of the same or different promoter used to control the expression of the hCCh coding 
sequence. Expression of the marker in response to induction or selection indicates 
expression of the hCCh coding sequence. 

Selectable markers include resistance to antibiotics, resistance to methotrexate, 
transformation phenotype, and occlusion body formation in baculovirus; In addition, 
30 thymidine kinase activity (Wigler et al., 1977, Cell 1 1 : 223) hypoxanthine-guanine 

phosphoribosyltransferase (Szybalska & Szybalski, 1962, Proc. Natl. Acad. Sci. USA 48: 
2026), and adenine phosphoribosyltransferase (Lowy et al., 1980, Cell 22: 817) genes can 
be employed in tk', hgprt" or aprt' cells, respectively. Also, antimetabolite resistance can be 
used as the basis of selection for dhfi-, which confers resistance to methotrexate (Wigler et 
35 al., 1980, Proc. Natl. Acad. Sci. USA 77: 3567; O'Hare et al., 1981, Proc. Natl. Acad. Sci. 
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USA 78: 1527); gpt, which confers resistance to mycophenolic acid (MuUigan & Berg, 
1981, Proc. Natl. Acad. Sci. USA 78: 2072); neo, which confers resistance to the 
aminoglycoside G-418 (Colberre-Garapin, et aL, 1981, J. MoL Biol. 150: 1); and hygro, 
which confers resistance to hygromycin (Santerre et aL, 1984, Gene 30: 147). Additional 

5 selectable genes have been described, namely trpB, which allows cells to utilize indole in 
place of tryptophan; hisD, which allows cells to utilize histinol in place of histidine 
(Hartman & Mulligan, 1988, Proc. Natl. Acad. Sci. USA 85: 8047); and ODC (ornithine 
decarboxylase) which confers resistance to the ornithine decarboxylase inhibitor, 2- 
(difluoromethyl)-DL-omithme, DFMO (McConlogue, 1987, in Current Conmiuni cations in 

10 Molecular Biology, Cold Spring Harbor Laboratory ed.). 

In the third approach, transcriptional activity for the hCCh coding region can be 
assessed by hybridization assays. For example, RNA can be isolated and analyzed by 
Northern blot using a probe homologous to the hCCh coding sequence or particular portions 
thereof Alternatively, total nucleic acids of the host cell may be extracted and assayed for 

15 hybridization to such probes. 

In the fourth approach, the expression of the hCCh protein product can be assessed 
immunologically, for example by Western blots, immunoassays such as radioimmuno- 
precipitation, enz>me-linked immunoassays and the like. The ultimate test of the success of 
the expression system, however, involves the detection of biologically active hCCh gene 

20 product. A number of assays can be used to detect hCCh activity including but not hmited 
to binding assays and biological assays for hCCh activity. 

Once a clone that produces high levels of a biologically active hCCh polypeptide is 
identified, the clone may be expanded and used to produce large amounts of the polypeptide 
which may be purified using techniques well known m the art, including but not limited to, 

25 immunoaffinity purification using antibodies, immunoprecipitation or chromatographic 
methods including high performance liquid chromatography (HPLC). 

Where the hCCh coding sequence is engineered to encode a cleavable fusion 
protein, purification may be readily accomplished using affinity purification techniques. 
For example, a coUagenase cleavage recognition consensus sequence may be engineered 

30 between the carboxy terminus of hCCh and protein A. The resulting fusion protein may be 
readily purified using an IgG column that bmds the protein A moiety. Unfused hCCh may 
be readily released from the column by treatment with collagenase. Another example would 
be the use of pGEX vectors that express foreign polypeptides as fusion proteins with 
glutathionine S-transferase (GST). The fusion protein may be engineered with either 

35 thrombin or factor Xa cleavage sites between the cloned gene and the GST moiety. The 
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fusion protein may be easily purified from cell extracts by adsorption to glutathione agarose 
beads followed by elution in the presence of glutathione. In fact, any cleavage site or 
enzyme cleavage substrate may be engineered between the hCCh gene product sequence 
and a second peptide or protein that has a binding partner which could be used for 

5 purification, e.g., any antigen for which an immunoaffinity column can be prepared. 

In addition, hCCh fusion proteins may be readily purified by utilizing an antibody 
specific for the fiision protein being expressed. For example, a system described by 
Janknecht et al. allows for the ready purification of non-denatured fiision proteins expressed 
in human cell lines (Janknecht, et al., 1991, Proc. Natl. Acad. Sci. USA 88: 8972-8976) In 

1 0 this system, the gene of interest is subcloned into a vaccinia recombination plasmid such 
that the gene's open reading frame is translationally fiased to an amino-terminal tag 
consisting of six histidine residues. Extracts from cells infected with recombinant vaccinia 
virus are loaded onto Ni^"'-nitriloacetic acid-agarose columns and Mstidine-tagged proteins 
are selectively eluted with imidazole-containing buffers. 

15 

5.3. ANTIBODIES TO hCCh POLYPEPTIDES 
The present invention also includes antibodies directed to the hCCh polypeptides of 
this invention and methods for the production of those antibodies, mcluding antibodies that 
specifically recognize one or more hCCh epitopes or epitopes of conserved variants or 

20 peptide fragments of hCCh. 

Such antibodies may include, but are not limited to, polyclonal antibodies, 
monoclonal antibodies (mAbs), humanized or chimeric antibodies, single chain antibodies, 
Fab fragments, F(ab*)2 fragments, fragments produced by a Fab expression library, anti- 
idiotypic (anti-Id) antibodies, and epitope-binding fragments of any of the above. Such 

25 antibodies may be used, for example, in the detection of a hCCh protein or polypeptide in 
an biological sample and may, therefore, be utilized as part of a diagnostic or prognostic 
technique whereby patients may be tested for abnormal levels of hCCh and/or for the 
presence of abnormal forms of the protein. Such antibodies may also be utilized in 
conjunction with, for example, compound screeiung protocols for the evaluation of the 

30 effect of test compounds on hCCh levels and/or activity. Additionally, such antibodies can 
be used m conjunction with the gene therapy tecliniques described in Section 5.4, infra, to, 
for example, evaluate normal and/or genetically-engineered hCCh-expressing cells prior to 
their introduction into the patient. 

For the production of antibodies against hCCh, various host animals may be 

35 immunizedby injection with the protem or a portion thereof Such host animals include 
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rabbits, mice, rats, and baboons. Various adjuvants may be used to increase the 
immunological response, depending on the host species, including but not limited to, 
Freund's (complete and incomplete), mineral gels such as aluminum hydroxide, surface 
active substances such as lysolecithin, pluronic polyols, polyanions, peptides, oil emulsions, 

5 keyhole limpet hemocyanin, dinitrophenol, and potentially useful human adjuvants such as 
BCG (bacille Calmette-Guerin) and Corynebacterium parvum . 

Polyclonal antibodies are heterogeneous populations of antibody molecules derived 
from the sera of animals immunized with an antigen, such as a hCCh polypeptide, or an 
antigenic functional derivative thereof. For the production of polyclonal antibodies, host 

10 animals such as those described above, may be immunized by injection with the hCCh 
polypeptide supplemented with adjuvants as also described above. 

Monoclonal antibodies, which are homogeneous populations of antibodies to a 
particular antigen, may be obtained by any technique which provides for the production of 
antibody molecules by continuous cell lines in culture. These include, but are not limited 

15 to, the hybridoma technique of Kohler and Milstein (1975, Nature 256: 495-497; and U.S. 
Patent No. 4,376,1 10), the human B-cell hybridoma technique (Kosbor et al,, 1983, 
hnmunology Today 4: 72; Cole et aL, 1983, Proc. Natl. Acad. Sci. USA 80: 2026-2030), 
and the EBV-hybridoma technique (Cole et aL, 1985, Monoclonal Antibodies And Cancer 
Therapy, Alan R. Liss, Inc., pp. 77-96). Such antibodies may be of any immunoglobulin 

20 class including IgG, IgM, IgE, IgA, IgD and any subclass thereof. The hybridomas 

producing the monoclonal antibodies of this invention may be cultivated in vitro or in vivo . 

In addition, techniques developed for the production of chimeric antibodies 
(Morrison et al., 1984, Proc. Natl. Acad. Sci., 81 : 6851-6855; Neuberger et aL, 1984, Nature 
312: 604-608; Takeda et aL, 1 985, Nature 3 14: 452-454) by sphcing the genes from a 

25 mouse antibody molecule of appropriate antigen specificity together with genes from a 
human antibody molecule of appropriate biological activity can be used. A chimeric 
antibody is a molecule in which different portions are derived from different animal species, 
such as those having a variable region derived from a murine mAb and a human 
immunoglobulin constant region (see, e.g., Cabilly et al., U.S. Patent No. 4,81 6,567; and 

30 Boss et aL, U.S. Patent No. 4,816,397.) 

In addition, techniques have been developed for the production of humanized 
antibodies (see, e.g.. Queen, U.S. Patent No. 5,585,089). Humanized antibodies are 
antibody molecules from non-human species having one or more CDRs from the non- 
human species and a framework region from a human immunoglobulin molecule. 

35 
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Alternatively, techniques described for the production of single chain antibodies 
(U.S. Patent 4,946,778; Bird, 1988, Science 242: 423-426; Huston et al., 1988, Proc, Natl. 
Acad. Sci. USA 85: 5879-5883; and Ward et al., 1989, Nature 334: 544-546) can be used in 
the production of single chain antibodies against hCCh. Single chain antibodies are formed 

5 by linking the heavy and light chain fragments of the Fv region via an amino acid bridge, 
resulting in a single chain polypeptide. 

Furthermore, antibody fragments which recognize specific epitopes of hCCh may be 
produced by techniques well known in the art. For example, such fragments include but are 
not limited to, F(ab*)2 fragments which can be produced by pepsin digestion of the antibody 

1 0 molecule and Fab fragments which can be generated by reducing the disulfide bridges of the 
F(ab')2 fragments. Altematively, Fab expression Ubraries may be constmcted (Huse et al., 
1989, Science 246: 1275-1281) to allow rapid and easy identification of monoclonal Fab 
fragments with the desired specificity. 



15 5.4. USES OF THE hCCh NUCLEIC ACID MOLECULES 

GENE PRODUCTS. AND ANTIBODIES 

As discussed supra, the hCCh genes of this invention encode proteins that are 
involved in the formation or function of ion channels, more particularly, cation channels. 
20 ^^^^^ importance of cations such as calcium, sodium or potassium in many cellular 

processes, the hCCh nucleic acid molecules and polypeptides of this invention are useful for 
the diagnosis and treatment of a variety of human disease conditions which involve ion, 
more particularly, cation, channel dysftmction. 

For example, calcium plays a role in the release of neurotransmitters, hormones and 
other circulating factors, the expression of numerous regulatory genes as well as the cellular 
process of apoptosis or cell death. Potassium provides for neuroprotection and also affects 
insulin secretion. Sodium is involved in the regulation of normal neuronal action potential 
generation and propagation. Sodium channel blockers such as lidocaine are important 
analgesics. Therefore, cation channel dysfiinction may play a role in many human diseases 
and disorders such as CNS disorders, e.g., stroke or Alzheimer's disease, and other diseases 
such as cardiac disorders, e.g., arrhythmia, diabetes, chronic pain, hypercalcemia, 
hypercalciuria, or ion channel dysfunction that is associated with renal or hver disease. As 
such, proteins that are involved in either the formation or function of these ion channels 
(and the nucleic acids that encode those proteins) are useful for the diagnosis and treatment 
of many human diseases. 

35 
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Among the uses for the nucleic acid molecules and polypeptides of the invention are 
the prognostic and diagnostic evaluation of human disorders involving ion/cation channel 
dysfunction, and the identification of subjects with a predisposition to such disorders, as 
described below. Other uses include, methods for the treatment of such ion/cation channel 

5 dysfunction disorders, for the modulation of hCCh gene-mediated activity, and for the 
modulation of hCCh-mediated effector functions. 

In addition, the nucleic acid molecules and polypeptides of the invention can be used 
in assays for the identification of compounds which modulate the expression of the hCCh 
genes of the invention and/or the activity of the hCCh gene products. Such compounds can 

10 include, for example, other cellular products or small molecule compounds that are 
involved in cation homeostasis or activity. 

5.4. L DIAGNOSIS AND PROGNOSIS OF ION-RELATED DISORDERS 

Methods of the invention for the diagnosis and prognosis of human diseases 

1 5 involving ion, e.g., cation, dysfunction may utilize reagents such as the hCCh nucleic acid 
molecules and sequences described in Sections 5.1, supra , or antibodies directed against 
hCCh polypeptides, including peptide fragments thereof, as described in Section 5.3., supra . 
Specifically, such reagents may be used, for example, for: (1) the detection of the presence 
of hCCh gene mutations, or the detection of either over- or under-expression of hCCh gene 

20 mRNA relative to the non-cation dysfimctional state or the qualitative or quantitative 
detection of alternatively spliced forms of hCCh transcripts which may correlate with 
certain ion homeostasis disorders or susceptibility toward such disorders; and (2) the 
detection of either an over- or an under-abundance of hCCh gene product relative to the 
non- cation dysfunctional state or the presence of a modified (e.g., less than full length) 

25 hCCh gene product which correlates with a cation dysfunctional state or a progression 
toward such a state. 

The methods described herein may be performed, for example, by utilizing pre- 
packaged diagnostic test kits comprising at least one specific hCCh gene nucleic acid or 
anti-hCCh gene antibody reagent described herein, which may be conveniently used, e.g., in 
30 clinical settings, to screen and diagnose patients exhibiting ion/cation channel/homeostasis 
abnormalities and to screen and identify those individuals exhibiting a predisposition to 
such abnormalities. 

For the detection of hCCh mutations, any nucleated cell can be used as a starting 
source for genomic nucleic acid. For the detection of hCCh transcripts or hCCh gene 
35 products, any cell type or tissue in which the hCCh gene is expressed may be utilized. 
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Nucleic acid-based detection techniques are described in Section 5.4.1 .1., infra , 
whereas peptide-based detection techniques are described in Section 5.4.1.2., infra . 

5.4.1.1. DETECTION OF hCCh GENE NUCLEIC ACID MOLECTJT.FS 

5 Mutations or polymorphisms within the hCCh gene can be detected by utilizing a 

number of techniques. Nucleic acid from any nucleated cell can be used as the starting 
point for such assay techniques, and may be isolated according to standard nucleic acid 
preparation procedures which are well known to those of skill in the art. 

Genomic DNA may be used in hybridization or amplification assays of biological 

1 0 samples to detect abnormalities involving hCCh gene structure, including point mutations, 
insertions, deletions and chromosomal rearrangements. Such assays may include, but are 
not limited to, direct sequencing (Wong, C. et al., 1987, Nature 330:384-386), single 
stranded conformational polymorphism analyses (SSCP; Orita, M. et al., 1989, Proc. Natl. 
Acad. Sci. USA 86:2766-2770), heteroduplex analysis (Keen, T.J. et al., 1991, Genomics 

15 1 1 :199-205; Perry, D.J. & Carrell, R.W., 1992), denaturing gradient gel electrophoresis 
(DGGE; Myers, R.M. et al., 1985, Nucl. Acids Res. 13:3131-3145), chemical mismatch 
cleavage (Cotton, R.G. et al., 1988, Proc. Natl. Acad. Sci. USA 85:4397-4401) and 
oligonucleotide hybridization (Wallace, R.B. et al., 1981, Nucl. Acids Res. 9:879-894; 
Lipshutz, RJ. et al., 1995, Biotechniques 19:442-447). 

20 Diagnostic methods for the detection of hCCh gene specific nucleic acid molecules, 

in patient samples or other appropriate cell sources, may involve the amplification of 
specific gene sequences, e.g., by PCR, followed by the analysis of the amplified molecules 
using techniques well known to those of skill in the art, such as, for example, those listed 
above. Utilizing analysis techniques such as these, the amplified sequences can be 

25 compared to those which would be expected if the nucleic acid being amplified contained 
only normal copies of the hCCh gene in order to determine whether a hCCh gene mutation 
exists. 

Further, well-known genotyping techniques can be performed to type 
polymorphisms that are in close proximity to mutations in the hCCh gene itself. These 

30 polymorphisms can be used to identify individuals in families likely to carry mutations. If a 
polymorphism exhibits linkage disequilibrium with mutations in the hCCh gene, it can also 
be used to identify individuals in the general population likely to carry mutations. 
Polymorphisms that can be used in this way include restriction fragment length 
polymorphisms (RFLPs), which involve sequence variations in restriction enzyme target 

35 sequences, single-base polymorphisms and simple sequence repeat polymorphisms (SSLPs). 
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For example, Weber (U.S. Pat. No. 5,075,217) describes a DNA marker based on 
length polymorphisms in blocks of (dC-dA)n-CdG~dT)n short tandem repeats. The average 
separation of (dC-dA)n-(dG-dT)n blocks is estimated to be 30,000-60,000 bp. Markers 
which are so closely spaced exhibit a high frequency co-inheritance, and are extremely 

5 useful in the identification of genetic mutations, such as, for example, mutations within the 
hCCh gene, and the diagnosis of diseases and disorders related to hCCh mutations. 

Also, Caskey et al (U.S. Pat.No. 5,364,759) describe a DNA profiling assay for 
detecting short tri- and tetra- nucleotide repeat sequences. The process includes extracting 
the DNA of interest, such as the hCCh gene, amplifying the extracted DNA, and labelling 

10 the repeat sequences to form a genotypic map of the individual's DNA. 

A hCCh probe could additionally be used to directly identify RFLPs. Additionally, a 
hCCh probe or primers derived from the hCCh sequences of the invention could be used to 
isolate genomic clones such as YACs, BACs, PACs, cosmids, phage or plasmids. The 
DNA contained in these clones can be screened for single-base polymorphisms or simple 

15 sequence length polymoiphisms (SSLPs) using standard hybridization or sequencing 
procedures. 

Alternative diagnostic methods for the detection of hCCh gene-specific mutations or 
polymorphisms can include hybridization techniques which involve for example, contacting 
and incubating nucleic acids including recombinant DNA molecules, cloned genes or 

20 degenerate variants thereof, obtained firom a sample, e.g., derived from a patient sample or 
other appropriate cellular source, with one or more labeled nucleic acid reagents including 
the hCCh nucleic acid molecules of the invention including recombinant DNA molecules, 
cloned genes or degenerate variants thereof, as described in Section 5.1 supra , under 
conditions favorable for the specific anneahng of these reagents to their complementary 

25 sequences within the hCCh gene. Preferably, the lengths of these nucleic acid reagents are 
at least 15 to 30 nucleotides. After incubation, all non-annealed nucleic acids are removed 
from the nucleic acid:hCCh molecule hybrid. The presence of nucleic acids which have 
hybridized, if any such molecules exist, is then detected. Using such a detection scheme, 
the nucleic acid from the cell type or tissue of interest can be immobilized, for example, to a 

30 solid support such as a membrane, or a plastic surface such as that on a microtiter plate or 
polystyrene beads. In this case, after incubation, non-annealed, labeled nucleic acid 
molecules of the invention as described in Section 5.1 are easily removed. Detection of the 
remaining, annealed, labeled hCCh nucleic acid reagents is accomplished using standard 
techniques well-known to those in the art. The hCCh gene sequences to which the nucleic 

35 acid molecules of the invention have annealed can be compared to the annealing pattern 

-27- 

BNSDOCID: <WO 0153348A2_L> 

I 



wo 01/53348 



PCT/USOl/01804 



expected from a normal hCCh gene sequence in order to determine whether a hCCh gene 
mutation is present. 

Quantitative and quaUtative aspects of hCCh gene expression can also be assayed. 
For example, RNA from a cell type or tissue known, or suspected, to express the hCCh gene 

5 may be isolated and tested utilizing hybridization or PGR techniques as described supra . 
The isolated cells can be derived from cell culture or from a patient. The analysis of cells 
taken from culture may be a necessary step in the assessment of cells to be used as part of a 
cell-based gene therapy technique or, altematively, to test the effect of compounds on the 
expression of the hCCh gene. Such analyses may reveal both quantitative and qualitative 

1 0 aspects of the expression pattem of the hCCh gene, including activation or inactivation of 
hCCh gene expression and presence of altematively spliced hCCh transcripts. 

In one embodiment of such a detection scheme, a cDNA molecule is synthesized 
from an RNA molecule of interest (e.g., by reverse transcription of the RNA molecule into 
cDNA). All or part of the resulting cDNA is then used as the template for a nucleic acid 

1 5 amplification reaction, such as a PGR amplification reaction, or the like. The nucleic acid 
reagents used as synthesis initiation reagents (e.g., primers) in the reverse transcription and 
nucleic acid amplification steps of this method are chosen from among the hGCh nucleic 
acid molecules of the invention as described in Section 5.1, supra . The preferred lengths of 
such nucleic acid reagents are at least 9-30 nucleotides. 

20 For detection of the amplified product, the nucleic acid amplification may be 

performed using radioactively or non-radioactively labeled nucleotides. Altematively, 
enough amplified product may be made such that the product may be visualized by standard 
ethidium bromide staining or by utilizing any other suitable nucleic acid staining method. 
Such RT-PCR techniques can be utilized to detect differences in hCCh transcript 

25 size which may be due to normal or abnormal alternative splicing. Additionally, such 
techniques can be utilized to detect quantitative differences between levels of fiill length 
and/or altematively spliced hGGh transcripts detected in normal individuals relative to those 
individuals exhibiting ion dysfimction disorders or exhibiting a predisposition to toward 
such disorders. 

30 In the case where detection of specific altematively spliced species is desired, 

appropriate primers and/or hybridization probes can be used, such that, in the absence of 
such sequence, no amplification would occur. Altematively, primer pairs may be chosen 
utilizing the sequences depicted in FIG. 1, 3 or 5 to choose primers which will yield 
fragments of differing size depending on whether a particular exon is present or absent from 

35 the hGCh transcript being utilized. 
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As an alternative to amplification techniques, standard Northern analyses can be 
performed if a sufficient quantity of the appropriate cells can be obtained. Utilizing such 
tecliniques, quantitative as well as size-related differences between hCCh transcripts can 
also be detected. 

5 Additionally, it is possible to perform hCCh gene expression assays in situ , i.e., 

directly upon tissue sections (fixed and/or frozen) of patient tissue obtained from biopsies or 
resections, such that no nucleic acid purification is necessary. The nucleic acid molecules 
of the invention as described in Section 5.1 may be used as probes and/or primers for such 
in situ procedures (see, for example, Nuovo, GJ., 1992, "PGR In Situ Hybridization: 

10 Protocols And Apphcations", Raven Press, NY). 

5.4.1.2. DETEGTION OF hCCh GENE PRODUGTS 
Antibodies directed against wild type or mutant hCCh gene products or conserved 
variants or peptide fragments thereof as described supra may also be used for the diagnosis 

15 and prognosis of ion or cation-related disorders. Such diagnostic methods may be used to 
detect abnormalities in the level of hCCh gene expression or abnomralities in the stmcture 
and/or temporal, tissue, cellular, or subcellular location of hCCh gene products. Antibodies, 
or fragments of antibodies, may be used to screen potentially therapeutic compounds in 
vitro to determine their effects on hCCh gene expression and hCCh peptide production. 

20 The compounds which have beneficial effects on ion and cation-related disorders can be 
identified and a therapeutically effective dose determined. 

In vitro immunoassays may be used, for example, to assess the efficacy of cell-based 
gene therapy for ion or cation-related disorders. For example, antibodies directed against 
hCCh peptides may be used in vitro to determine the level of hCCh gene expression 

25 achieved in cells genetically engineered to produce hCCh peptides. Such analysis will 
allow for a determination of the number of transformed cells necessary to achieve 
therapeutic efficacy in vivo, as well as optimization of the gene replacement protocol. 

The tissue or cell type to be analyzed wall generally include those which are known, 
or suspected, to express the hCCh gene. The protein isolation methods employed may, for 

30 example, be such as those described in Harlow, E. and Lane, D., 1988, "Antibodies: A 

Laborator)^ Manual", Cold Spring Harbor Laboratory Press, Cold Spring Harbor, New York. 
The isolated cells can be derived from cell culture or from a patient. The analysis of cells 
taken from culture may be a necessary step in the assessment of cells to be used as part of a 
cell-based gene therapy technique or, altematively, to test the effect of compounds on the 

35 expression of the hCCh gene. 
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Preferred diagnostic methods for the detection of hCCh gene products or conserved 
variants or peptide fragments thereof, may involve, for example, immunoassays wherein the 
hCCh gene products or conserved variants, including gene products v^hich are the resuh of 
altematively spliced transcripts, or peptide fragments are detected by their interaction with 
5 an anti-hCCh gene product-specific antibody. 

For example, antibodies, or fragments of antibodies, such as those described in Section 5.3 
supra, may be used to quantitatively or qualitatively detect the presence of hCCh gene 
products or conserved variants or peptide fragments thereof The antibodies (or fragments 
thereof) may, additionally, be employed histologically, as in immunofluorescence or 
10 immunoelectron microscopy, for in situ detection of hCCh gene products or conserved 

variants or peptide fragments thereof In situ detection may be accomplished by removing a 
histological specimen from a patient, and applying thereto a labeled hCCh antibody of the 
present invention. The antibody (or fragment) is preferably applied by overlaying the 
labeled antibody (or fragment) onto a biological sample. Through the use of such a 
1 5 procedure, it is possible to determine not only the presence of the hCCh gene product, or 
conserved variants or peptide fragments, but also its distribution in the examined tissue. 
Using the present invention, those of ordinary skill will readily perceive that any of a wide 
variety of histological methods (such as staining procedures) can be modified in order to 
achieve such in situ detection. 
20 Immunoassays for hCCh gene products or conserved variants or peptide fragments 

thereof will typically comprise incubating a sample, such as a biological fluid, a tissue 
extract, freshly harvested cells, or lysates of cells which have been incubated in cell culture, 
in the presence of a detectably labeled antibody capable of identifying hCCh gene products 
or conserved variants or peptide fragments thereof, and detecting the bound antibody by any 
25 of a number of techniques well-known in the art. 

The biological sample may be brought in contact with and immobilized onto a solid 
phase support or carrier such as nitrocellulose, or other solid support which is capable of 
immobilizing cells, cell particles or soluble proteins. The support may then be washed with 
suitable buffers followed by treatment with the detectably labeled hCCh gene specific 
30 antibody. The sohd phase support may then be washed v^th the buffer a second time to 
remove unbound antibody. The amount of boimd label on solid support may then be 
detected by conventional means. 

By "solid phase support or carrier" is intended any support capable of binding an 
antigen or an antibody. Well-known supports or carriers include glass, polystyrene, 
35 polypropylene, polyethylene, dextran, nylon, amylases, natural and modified celluloses, 
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polyacrylamides, gabbros, and magnetite. The nature of the carrier can be either soluble to 
some extent or insoluble. The support material may have virtually any possible structural 
configuration so long as the coupled molecule is capable of binding to an antigen or 
antibody. Thus, the support configuration may be spherical, as in a bead, or cylindrical, as 
5 in the inside surface of a test tube, or the external surface of a rod. Alternatively, the 
surface may be flat such as a sheet, test strip, etc. Preferred supports include polystyrene 
beads. Those skilled in the art will know many other suitable carriers for binding antibody 
or antigen, or will be able to ascertain the same by use of routine experimentation. 

The bindmg activity of a given lot of anti-hCCh gene product antibody may be 
10 determined according to well known methods. Those skilled in the art will be able to 
determine operative and optimal assay condhions for each determination by employing 
routine experimentation. 

One of the ways in which the hCCh gene peptide-specific antibody can be detectably 
labeled is by linking the antibody to an enzyme in an enzyme immunoassay (EIA) (Voller, 
15 A., 'The Enzyme Linked Immunosorbent Assay (ELISA)", 1978, Diagnostic Horizons 2:1- 
7, Microbiological Associates Quarteriy Publication, Walkersville, MD); Voller, A. et al., 
1978, J. Clin. Pathol. 31:507-520; Butler, J.E., 1981, Meth. Enzymol. 73:482-523; Maggio, 
E. (ed.), 1980, Enzyme Immunoassay, CRC Press, Boca Raton, FL,; Isliikawa, E. et al., 
(eds.), 1981, Enzyme Immunoassay, Kgaku Shoin, Tokyo). The enzyme which is bound to 
20 the antibody will react with an appropriate substrate, preferably a chromogenic substrate, in 
such a manner as to produce a chemical moiety which can be detected, for example, by 
spectrophotometric, fluorimetric or by visual means. Enzymes which can be used to 
detectably label the antibody include, but are not limited to, malate dehydrogenase, 
staphylococcal nuclease, delta-5-steroid isomerase, yeast alcohol dehydrogenase, alpha- 
25 glycerophosphate, dehydrogenase, triose phosphate isomerase, horseradish peroxidase, 
alkaline phosphatase, asparaginase, glucose oxidase, beta-galactosidase, ribonuclease, 
urease, catalase, glucose-6-phosphate dehydrogenase, glucoamylase and 
acetylchohnesterase. The detection can be accomplished by colorimetric methods which 
employ a chromogenic substrate for the enzyme. Detection may also be accomplished by 
30 visual comparison of the extent of enzymatic reaction of a substrate in comparison with 
similarly prepared standards. 

Detection may also be accomplished using any of a variety of other immunoassays. 
For example, by radioactively labeling the antibodies or antibody fragments, it is possible to 
detect hCCh gene peptides through the use of a radioimmunoassay (RIA) (see, for example, 
35 Weintraub, B., Principles of Radioimmunoassays, Seventh Training Course on Radioligand 
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Assay Techniques, The Endocrine Society, March, 1986. The radioactive isotope can be 
detected by such means as the use of a gamma counter or a scintillation coimter or by 
autoradiography. 

It is also possible to label the antibody with a fluorescent compound. When the 
5 fluorescentiy labeled antibody is exposed to light of the proper wave length, its presence can 
then be detected due to fluorescence. Among the most commonly used fluorescent labeling 
compounds are fluorescein isothiocyanate, rhodamine, phycoerythrin, phycocyanin, 
allophycocyanin, o-phthaldehyde and fluoreseamine. 

The antibody can also be detectably labeled using fluorescence emitting metals such 
10 as '^^Eu, or others of the lanthanide series. These metals can be attached to the antibody 
using such metal chelating groups as diethylenetriaminepentacetic acid (DTP A) or 
ethylenediaminetetraacetic acid (EDTA). 

The antibody also can be detectably labeled by coupling it to a chemiluminescent 
compound. The presence of the chemiluminescent-tagged antibody is then determined by 
1 5 detecting the presence of luminescence that arises during the course of a chemical reaction. 
Examples of particularly useful chemiluminescent labeling compounds are luminol, 
isoluminol, theromatic acridinimn ester, imidazole, acridinium salt and oxalate ester. 

Likewise, a bioluminescent compound may be used to label the antibody of the 
present invention. Bioluminescence is a type of chemiluminescence found in biological 
20 systems in which a catalytic protein increases the efficiency of the chemiluminescent 

reaction. The presence of a bioluminescent protein is determined by detecting the presence 
of luminescence, hnportant bioluminescent compounds for purposes of labeling are 
luciferin, luciferase and aequorin. 

25 5.4.2. SCREENING ASSAYS FOR COMPOUNDS 

THAT MODULATE hCCh ACTIVITY 

Screening assays can be used to identify compounds that modulate hCCh activity. 
These compounds can include, but are not limited to, peptides, small organic or inorganic 
molecules or macromolecules such as nucleic acid molecules or proteins, and may be 

30 utilized, e.g., in the control of ion and cation-related disorders, in the modulation of cellular 
processes such as the release of neurotransmitters or other cellular regulatory factors, cell 
activation or regulation, cell death and changes in jcell membrane properties. These 
compounds may also be usefiil, e.g., in elaborating the biological functions of hCCh gene 
products, modulating those biological functions and for ameliorating symptoms of ion or 

35 cation-related disorders. 
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The compositions of the invention include pharmaceutical compositions comprising 
one or more of these compounds. Such pharmaceutical compositions can be formulated as 
discussed in Section 5.5, infra . 

More specifically, these compounds can include compounds that bind to hCCh gene 
5 products, compounds that bind to other proteins that interact with a hCCh gene product 
and/or interfere with the interaction of the hCCh gene product with other proteins, and 
compounds that modulate the activity of the hCCh gene, i.e., modulate the level of hCCh 
gene expression and/or modulate the level of hCCh gene product activity. 

For example, assays may be utilized that identify compovmds that bind to hCCh gene 
10 regulatory sequences, e.g., promoter sequences (see e.g., Piatt, K.A., 1994, J. Biol. Chem. 
269:28558-28562), which compounds may modulate the level of hCCh gene expression. In 
addition, functional assays can be used to screen for compounds that modulate hCCh gene 
product activity. In such assays, compounds are screened for agonistic or antagonistic 
activity with respect to a biological activity or function of the hCCh gene product, such as 
1 5 changes in the intracellular levels of an ion or cation, changes in regulatory factor release, or 
other activities or functions of the hCCh polypeptides of the invention. 

According to a preferred embodiment, a Ca-"" flux assay can be utilized to monitor 
calcium uptake in hCCh-expressing host cells. The host cells are pre-loaded with a Ca^''- 
sensitive fluorescently-labeled dye (e.g., Fluo-4, Fluo-3, Indo-1 or Fura-2), i.e., the 
20 intracellular calcium is fluorescently labelled with the dye, and the effect of the compound, 
e.g., on the intracellular levels of the labeled-calcium determined and compared to the 
intracellular levels of control cells, e.g., lacking exposure to the compound of interest. 
Compounds that have an agonistic, i.e., stimulatory, modulatory effect on hCCh activity are 
those that, when contacted with the hCCh-expressing cells, produce an increase in 
25 intracellular calcium relative to the control cells, whereas those compounds having an 
antagonistic modulatory effect on hCCh activity will be those that produce a decrease in 
intracellular calcium. A Ca^^ flux assay is exemplified in Example Section 6. 1, infra . 

Functional assays for monitoring the effects of compounds on the levels or flux of 
other ions can be similarly performed; for example, the levels of potassium can be 
30 monitored using mbidium influx. 

Screening assays may also be designed to identify compounds capable of binding to 
the hCCh gene products of the invention.. Such compounds may be useful, e.g., in 
modulating the activity of wild type and/or mutant hCCh gene products, in elaborating the 
biological function of the hCCh gene product, and in screens for identifying compounds that 

35 
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disrapt normal hCCh gene product interactions, or may in themselves disrupt such 
interactions. 

The principle of such screening assays to identify compounds that bind to the hCCh 
gene product involves preparing a reaction mixture of the hCCh gene product and the test 
compound under conditions and for a time sufficient to allow the two components to 
interact with, i.e., bind to, and thus form a complex, which can represent a transient 
complex, which can be removed and/or detected in the reaction mixture. For example, one 
assay involves anchoring a hCCh gene product or the test substance onto a solid phase and 
detecting hCCh gene product/test compound complexes anchored on the solid phase at the 
0 end of the reaction. In one embodiment of such a method, the hCCh gene product may be 
anchored onto a solid surface, and the test compomd, which is not anchored, may be 
labeled, either directly or indirectly. 

The detection of complexes, anchored on the solid surface can be accompUshed in a 
number of ways. Where the previously non-immobilized component is pre-labeled, the 
detection of label immobilized on the surface indicates that complexes were formed. Where 
the previously non-immobilized component is not pre-labeled, an indirect label can be used 
to detect complexes anchored on the surface; e.g., using a labeled antibody specific for the 
previously non-immobilized component (the antibody, in tum, may be directly labeled or 
indirectly labeled with a labeled anti-Ig antibody). 

Alternatively, a reaction can be conducted in a liquid phase, the reaction products 
separated from unreacted components, and complexes detected; e.g., using an immobilized 
antibody specific for hCCh gene product or the test compound to anchor any complexes 
formed in solution, and a labeled antibody specific for the other component of the possible 
complex to detect anchored complexes. 

Compounds that modulate hCCh gene product activity can also include compounds 
that bind to proteins that interact with the hCCh gene product. These modulatory 
compoiHids can be identified by first identifying those proteins that interact wdth the hCCh 
gene product, e.g., by standard techniques known in the art for detecting protein-protein 
interactions, such as co-immunoprecipitation, crosslinking and co-purification through 
gradients or chromatographic columns. UtiUzing procedures such as these allows for the 
isolation of proteins that interact with hCCh gene products or polypeptides of the invention 
as described supra . 

Once isolated, such a protein can be identified and can, in tum, be used, in 
conjunction vnth standard techniques, to identify additional proteins wdth which it interacts. 
For example, at least a portion of the amino acid sequence of the protein that interacts with 
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the hCCh gene product can be ascertained using techniques well known to those of skill in 
the art, such as via the Edman degradation technique (see, e.g., Creighton, 1983, "Proteins: 
Structures and Molecular Principles", W.H. Freeman & Co., N.Y., pp. 34-49). The amino 
acid sequence thus obtained may be used as. a guide for the generation of oligonucleotide 

5 mixtures that can be used to screen for gene sequences encoding such proteins. Screening 
may be accomphshed, for example, by standard hybridization or PGR techniques. 
Techniques for the generation of oligonucleotide mixtures and screening are well-known 
(see, e.g., Ausubel, supra. , and PGR Protocols: A Guide to Methods and Applications, 
1990, Innis, M. et al., eds. Academic Press, Inc., New York). 

10 Additionally, methods may be employed that result in the simultaneous 

identification of genes which encode proteins interacting witli hCCh gene products or 
polypeptides. These methods include, for example, probing expression libraries with 
labeled hCCh protein, using hCCh protein in a maimer similar to the well known technique 
of antibody probing of kgil 1 libraries. One method that detects protein interactions in vivo 

15 is the two-hybrid system. A version of this system in described by Chi en et al,, 1991, Proc. 
Natl. Acad. Sci. USA, 88:9578-9582 and is commercially available from Glontech (Palo 
Alto, GA). 

In addition, compounds that disrupt liGCh interactions with its interacting or binding 
partners, as determined immediately above, may be useful in regulating the activity of the 

20 hGGh gene product, including mutant hCCh gene products. Such compounds may include, 
but are not limited to molecules such as peptides, and the like, which may bind to the hCCh 
gene product as described above. 

The basic principle of the assay systems used to identify compounds that interfere 
with the interaction between tlie hCCh gene product and its interacting partner or partners 

25 involves preparing a reaction mixture containing the hCGh gene product, and the interacting 
partner under conditions and for a time sufficient to allow the two to interact and bind, thus 
forming a complex, hi order to test a compound for inhibitory activity, the reaction mixture 
is prepared in the presence and absence of the test compound. The test compound may be 
initially included in the reaction mixture, or may be added at a time subsequent to the 

30 addition of hCCh gene product and its interacting partner. Control reaction mixtures are 
incubated without the test compound or with a placebo. The formation of any complexes 
between the hCCh gene product and the interacting partner is then detected. The formation 
of a complex in the control reaction, but not in the reaction mixture containing the test 
compound, indicates that the compoimd interferes with the interaction of the hCCh gene 

35 product and the interacting partner. Additionally, complex formation within reaction 
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mixtures containing the test compound and a normal hCCh gene product may also be 
compared to complex formation within reaction mixtures containing the test compoimd and 
a mutant hCCh gene product. This comparison may be important in those cases wherein it 
is desirable to identify compounds that disrupt interactions of mutant but not normal hCCh 
5 proteins. 

The assay for compounds that interfere with the interaction of hCCh gene products 
and interacting partners can be conducted in a heterogeneous or homogeneous format. 
Heterogeneous assays involve anchoring either the hCCh gene product or the binding 
partner onto a solid phase and detecting complexes anchored on the solid phase at the end of 
1 0 the reaction. In homogeneous assays, the entire reaction is carried out in a liquid phase. In 
either approach, the order of addition of reactants can be varied to obtain different 
information about the compounds being tested. For example, test compounds that interfere 
with the interaction between tlie hCCh gene products and the interacting partners, e.g., by 
competition, can be identified by conducting the reaction in the presence of the test 

15 substance; i.e., by adding the test substance to the reaction mixture prior to or 

simultaneously with the hCCh gene product and interacting partner. Altematively, test 
compounds that disrupt preformed complexes, e.g., compounds with higher binding 
constants that displace one of the components from the complex, can be tested by adding 
the test compound to the reaction mixture after complexes have been formed. The various 

20 formats are described briefly below. 

In a heterogeneous assay system, either the hCCh gene product or the interacting 
partner, is anchored onto a solid surface, while the non-anchored species is labeled, either 
directly or indirectly. In practice, microtiter plates are conveniently utilized. The anchored 
species may be immobilized by non-covalent or covalent attachments. Non-covalent 

25 attachment may be accomplished simply by coating the solid surface with a solution of the 
hCCh gene product or interacting partner and drying. Alternatively, an immobilized 
antibody specific for the species to be anchored may be used to anchor the species to the 
solid surface. The surfaces may be prepared in advance and stored. 

In order to conduct the assay, the partner of the inunobilized species is exposed to 

30 the coated surface with or without the test compound. After the reaction is complete, 
unreacted components are removed (e.g., by washing) and any complexes formed will 
remain immobilized on the solid surface. The detection of complexes anchored on the solid 
surface can be accompUshed in a number of ways. Where the non-immobilized species is 
pre-labeled, the detection of label immobilized on the surface indicates that complexes were 

35 formed. Where the non-immobilized species is not pre-labeled, an indirect label can be 
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used to detect complexes anchored on the surface; e.g., using a labeled antibody specific for 
the initially non-irmnobilized species (the antibody, in turn, may be directly labeled or 
indirectly labeled with a labeled anti-Ig antibody). Depending upon the order of addition of 
reaction components, test compounds which inhibit complex formation or which disrupt 

5 preformed complexes can be detected. 

Alternatively, the reaction can be conducted in a liquid phase in the presence or 
absence of the test compound, the reaction products separated from uru-eacted components, 
and complexes detected; e.g., using an immobilized antibody specific for one of the 
interacting components to anchor any complexes formed in solution, and a labeled antibody 

10 specific for the otlier partner to detect anchored complexes. Again, depending upon the 
order of addition of reactants to the liquid phase, test compounds that inhibit complex 
formation or that disrupt preformed complexes can be identified. 

In an altemate embodiment, a preformed complex of the hCCh gene protein and the 
interacting partner is prepared in which either the hCCh gene product or its interacting 

15 partners is labeled, but the signal generated by the label is quenched due to complex 

formation (see, e.g., U.S. Patent No. 4,109,496 by Rubenstein which utilizes this approach 
for immunoassays). The addition of a test substance that competes with and displaces one 
of the species from the preformed complex will result in the generation of a signal above 
background, hi this way, test substances that disrupt hCCh gene protein/interacting partner 

20 interaction can be identified. 

hi another embodiment of the invention, these same tecliniques can be employed 
using peptide fragments that correspond to the binding domains of the hCCh protein and/or 
the interacting partner, in place of one or both of the full length proteins. Any number of 
methods routinely practiced in the art can be used to identify and isolate the binding sites. 

25 These methods include, but are not limited to, mutagenesis of the gene encoding one of the 
proteins and screening for disruption of binding in a co-immunoprecipitation assay. 
Compensating mutations in the gene encoding the second species in the complex can then 
be selected. Sequence analysis of the genes encoding the respective proteins will reveal the 
mutations that correspond to the region of tlie protein involved in interacting, e.g., binding. 

30 Alternatively, one protein can be anchored to a solid surface using methods described in this 
Section above, and allowed to interact with, e.g., bind, to its labeled interacting partner, 
which has been treated with a proteolytic enzyme, such as trypsin. After washing, a short, 
labeled peptide comprising the interacting, e.g.,binding, domain may remain associated with 
the solid material, which can be isolated and identified by amino acid sequencing. Also, 

35 once the gene coding for the intracellular binding partner is obtained, short gene segments 
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can be engineered to express peptide fragments of the protein, which can then be tested for 
binding activity and purified or synthesized. 

5.4.3, METHODS AND COMPOSITIONS FOR THE TREATMENT OF ION 
5 CHANNEL-RELATED DISORDERS 

The present invention also relates to methods and compositions for the treatment or 
modulation of any disorder or cellular process that is mediated or regulated by hCCh gene 
product expression or function, e.g., hCCh-mediated cell activation, signal transduction, 
cellular regulatory factor release, etc. Further, hCCh effector functions can be modulated 

1 0 via such methods and compositions. 

The methods of the invention include methods that modulate hCCh gene and gene 
product activity. In certain instances, the treatment will require an increase, upregulation or 
activation of hCCh activity, while in other instances, the treatment will require a decrease, 
downregulation or suppression of hCCh activity. "Increase" and "decrease" refer to the 

1 5 differential level of hCCh activity relative to hCCh activity in the cell type of interest in the 
absence of modulatory treatment. Methods for the decrease of hCCh activity are discussed 
in Section 5.4.3.1, infra . Methods for the increase of hCCh activity are discussed in Section 
5.4.3.2, infra. Methods which can either increase or decrease hCCh activity depending on 
the particular manner in which the method is practiced are discussed in Section 5.4.3.3, 

20 infra. 



5.4.3.1 METHODS FOR DECREASING hCCh ACTIVITY 
Successful treatment of ion channel/ionic homeostasis disorders, e.g., CNS 
disorders, cardiac disorders or hypercalcemia, can be brought about by methods which serve 
25 to decrease hCCh activity. Activity can be decreased by, e.g., directly decreasing hCCh 
gene product activity and/or by decreasmg the level of hCCh gene expression. 

For example, compounds such as those identified through assays described in 
Section 5.4.2., supra, that decrease hCCh gene product activity can be used in accordance 
with the invention to ameliorate symptoms associated with ion channel/ionic homeostasis 
30 disorders. As discussed supra, such molecules can include, but are not limited to peptides, 
including soluble peptides, and small organic or inorganic molecules, and can be referred to 
as hCCh antagonists. Techniques for the determination of effective doses and 
administration of such compounds are described in Section 5.5., infra . 

In addition, antisense and ribozyme molecules that mhibit hCCh gene expression 
35 can also be used to reduce the level of hCCh gene expression, thus effectively reducing the 
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level of hCCh gene product present, thereby decreasing the level of hCCh activity. Still 
further, triple helix molecules can be utilized in reducing the level of hCCh gene 
expression. Such molecules can be designed to reduce or inliibit either wild type, or if 
appropriate, mutant target gene activity. Techniques for the production and use of such 

5 molecules are well known to those of skill in the art, 

Antisense approaches involve the design of oligonucleotides (either DNA or RNA) 
that are complementary to hCCh gene mRNA. The antisense oligonucleotides will bind to 
the complementary hCCh gene mRNA transcripts and prevent translation. Absolute 
complementarity, although preferred, is not required. A sequence "complementary" to a 

10 portion of an RNA, as referred to herein, means a sequence having sufficient 

complementarity to be able to hybridize with the RNA, forming a stable duplex; in the case 
of double-stranded antisense nucleic acids, a single strand of the duplex DNA may thus be 
tested, or triplex formation may be assayed. The ability to hybridize will depend on both 
the degree of complementarity and the length of the antisense nucleic acid. Generally, the 

15 longer the hybridizing nucleic acid, the more base mismatches v^th an RNA it may contain 
and still fomi a stable duplex (or triplex, as the case may be). One skilled in the art can 
ascertain a tolerable degree of mismatch by use of standard procedures to determine the 
melting point of the hybridized complex. 

Oligonucleotides that are complementary to the 5' end of the message, e.g., the 5' 

20 untranslated sequence up to and including the AUG initiation codon, should work most 
efficiently at inhibiting translation. However, sequences complementary to the 3' 
untranslated sequences of mRNAs have recently been shown to be effective at inhibiting 
translation of mRNAs as well. See generally, Wagner, R., 1994, Nature 372:333-335. 
Thus, oligonucleotides complementary to either the 5'- or 3 - non- translated, non-coding 

25 regions of, e.g., the hCCh3.1, hCCh3.2 and hCCh4 genes, as depicted in FIG. 1, 3 and 5, 
respectively, could be used in an antisense approach to mhibit translation of endogenous 
hCCh gene mRNA. 

Oligonucleotides complementary to the 5' untranslated region of the mRNA should 
include the complement of the AUG start codon. Antisense oligonucleotides 

30 complementary to mRNA coding regions are less efficient inhibitors of translation but could 
be used in accordance with the invention. Whether designed to hybridize to the 5'-, 3'- or 
coding region of target or pathway gene mRNA, antisense nucleic acids should be at least 
six nucleotides in length, and are preferably oligonucleotides ranging from 6 to about 50 
nucleotides in length, hi specific aspects, the oligonucleotide is at least 10 nucleotides, at 

35 least 17 nucleotides, at least 25 nucleotides or at least 50 nucleotides. 
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Regardless of the choice of target sequence, it is preferred that in vitro studies are 
first performed to quantitate the ability of the antisense oligonucleotide to inhibit gene 
expression. It is preferred that these studies utilize controls that distinguish between 
antisense gene inhibition and non-specific biological effects of oligonucleotides. It is also 

5 preferred that these studies compare levels of the target RN A or protein with that of an 
internal control RNA or proteki. Additionally, results obtained using the antisense 
oligonucleotide are preferably compared with those obtained using a control 
oligonucleotide. It is preferred that the control oligonucleotide is of approximately the same 
length as the antisense ohgonucleotide and that the nucleotide sequence of the control 

1 0 oligonucleotide differs from the antisense sequence no more than is necessary to prevent 
specific hybridization to the target sequence. 

The oligonucleotides can be DNA or RNA or chimeric mixtures or derivatives or 
modified versions thereof, single-stranded or double-stranded. The oligonucleotide can be 
modified at the base moiety, sugar moiety, or phosphate backbone, for example, to improve 

1 5 stability of the molecule, hybridization, etc. 

The oligonucleotide may also include other appended groups such as peptides (e.g., 
for targeting host cell receptors in vivo ), or agents facilitating transport across the cell 
membrane (see, e.g., Letsinger et al., 1989, Proc. Natl. Acad. Sci. U.S.A. 86:6553-6556; 
Lemaitre et al., 1987, Proc. Natl. Acad. Sci. 84:648-652; PCT AppUcationNo. 

20 WO 88/09810) or the blood-brain barrier (see, e.g., PCT Application No. WO 89/10134), or 
hybridization-triggered cleavage agents (see, e.g., Krol et al., 1988, BioTechniques 6:958- 
976) or intercalating agents (see, e.g., Zon, 1988, Pharm. Res. 5:539-549). For example, tlie 
oligonucleotide may be conjugated to another molecule, e.g., a peptide, hybridization 
triggered cross-linking agent, transport agent, hybridization-triggered cleavage agent, etc. 

25 OUgonucleotides of the invention may be synthesized by standard methods known in 

the art, e.g., by use of an automated DNA synthesizer (such as are commercially available 
from Biosearch, Applied Biosystems, etc.). As examples, phosphorothioate 
oligonucleotides may be synthesized by the method of Stein et al. (1988, Nucl. Acids Res. 
16:3209) and methylphosphonate oligonucleotides can be prepared by use of controlled 

30 pore glass polymer supports (Sarin et al., 1988, Proc. Natl. Acad. Sci. U.S.A. 85:7448- 
7451), etc. 

The antisense molecules should be delivered to cells which express the hCCh gene 
in vivo . A number of methods have been developed for delivering antisense DNA or RNA 
to ceDs; e.g., antisense molecules can be injected directly into the tissue site or modified 
35 antisense molecules designed to target the desired cells (e.g., antisense linked to peptides or 
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antibodies that specifically bind receptors or antigens expressed on the target cell surface) 
can be administered systemicaliy. 

However, it is often difficult to achieve intracellular concentrations of the antisense 
sufficient to suppress translation of endogenous mRNAs. Thus, a preferred approach 

5 utilizes a recombinant DNA construct in which the antisense ohgonucleotide is placed 
under the control of a strong pol III or pol II promoter. The use of such a construct to 
transfect target cells in the patient will result in the transcription of sufficient amounts of 
single stranded RNAs that will form complementary base pairs with the endogenous hCCh 
gene transcripts and thereby prevent translation of the hCCh gene mRNA. For example, a 

1 0 vector can be introduced in vivo such that it is taken up by a cell and directs the 
transcription of an antisense RNA. 

Ribozymes are enzymatic RNA molecules capable of catalyzing the specific 
cleavage of RNA (For a review, see, e.g., Rossi, J., 1994, Current Biology 4:469-471). The 
mechanism of ribozyme action involves sequence-specific hybridization of the ribozyme 

1 5 molecule to complementary target RNA, followed by a endonucleolytic cleavage. The 

composition of ribozyme molecules must include one or more sequences complementary to 
the target gene mRNA, and must include the well known catalytic sequence responsible for 
mRNA cleavage. For this sequence, see United States Patent No. 5,093,246, which is 
incorporated by reference herein in its entirety. As such, within the scope of the invention 

20 are engineered hammerhead motif ribozyme molecules that specifically and efficiently 
catalyze endonucleolytic cleavage of RNA sequences encoding target gene proteins. 
Ribozyme molecules designed to catalytically cleave hCCh gene mRNA transcripts can also 
be used to prevent translation of hCCh gene mRNA and expression of target or pathway 
genes. (See, e.g., PCT Application No. WO 90/1 1364; Sarver et aL, 1990, Science 

25 247:1222-1225). 

The ribozymes of the present invention also include RNA endoribonucleases 
(hereinafter referred to as "Cech-type ribozymes") such as the one which occurs naturally in 
Tetrahvmena Thermophila (known as the IVS, or L-19 IVS RNA) and which has been 
extensively described by Thomas Cech and collaborators (Zaug, et aL, 1984, Science, 
•30 224:574-578; Zaug and Cech, 1986, Science, 231:470-475; Zaug, et aL, 1986, Nature, 
324:429-433; PCT Patent Application No. WO 88/04300; Been and Cech, 1 986, Cell, 
47:207-216). The Cech-type ribozymes have an eight base pair active site which hybridizes 
to a target RNA sequence, after which cleavage of the target RNA takes place. The 
invention encompasses those Cech-type ribozymes which target eight base-pair active site 
35 sequences that are present in an hCCh gene. 
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As in the antisense approach, the ribozymes can be composed of modified 
oligonucleotides (e.g. for improved stability, targeting, etc.) and should be delivered to cells 
which express the hCCh gene in vivo . A preferred method of delivery involves using a 
DNA construct "encoding" the ribozyme imder the control of a strong constitutive pol III or 
5 pol II promoter, so that transfected cells will produce sufficient quantities of the ribozyme to 
destroy endogenous hCCh gene messages and inhibit translation. Because ribozymes, 
xmlike antisense molecules, are catalytic, a lower intracelltilar concentration is required for 
efficiency. 

Endogenous hCCh gene expression can also be reduced by inactivating or "knocking 

1 0 out" the target and/or pathway gene or its promoter using targeted homologous 

recombination (see, e.g.. Smithies et al., 1985, Nature 317:230-234; Thomas & Capecchi, 
1987, Cell 51:503-512; Thompson et al., 1989 Cell 5:313-321). For example, a mutant, 
non-functional hCCh gene (or a completely unrelated DNA sequence) flanked by DNA 
homologous to the endogenous hCCh gene (either the coding regions or regulatory regions 

15 ofthehCChgene) can be used, with or without a selectable marker and/or a negative 
selectable marker, to transfect cells that express the hCCh gene in vivo . Insertion of the 
DNA construct, via targeted homologous recombination, results in inactivation of the hCCh 
gene. Such techniques can also be utilized to generate ion/cation disorder animal models. It 
should be noted that this approach can be adapted for use in humans provided the 

20 recombinant DNA constructs are directly administered or targeted to the required site in 
vivo using appropriate viral vectors, e.g., herpes vims vectors. 

Alternatively, endogenous hCCh gene expression can be reduced by targeting 
deoxyribonucleotide sequences complementary to the regulatory region of the hCCh gene 
(i.e., the hCCh gene promoter and/or enhancers) to form triple helical structures that prevent 

25 transcription of the hCCh gene in target cells in the body (see generally, Helene, C, 1 991 , 
Anticancer Drug Des. 6(6):569-84; Helene, C, et al., 1992, Ann. N.Y. Acad. Sci. 660:27- 
36; and Maher, L.J., 1992, Bioassays 14(12):807-15). 

Nucleic acid molecules to be used in triple helix formation for the inhibition of 
transcription should be single stranded and composed of deoxynucleotides. The base 

30 composition of these oligonucleotides should be designed to promote triple helix formation 
via Hoogsteen base pairmg mles, which generally require sizeable stretches of either purines 
or pyrimidines to be present on one strand of the duplex. Nucleotide sequences may be 
pyrimidine-based, which will result in TAT and CGC+ triplets across the three associated 
strands of the resulting triple helix. The pyrimidine-rich molecules provide base 

35 complementarity to a purine-rich region of a single strand of the duplex in a parallel 
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orientation to that strand. In addition, nucleic acid molecules may be chosen that are 
purine-rich, for example, containing a stretch of G residues. These molecules will form a 
triple helix with a DNA duplex that is rich in GC pairs, in which the majority of the purine 
residues are located on a single strand of the targeted duplex, resuhing in GGC triplets 

5 across the three strands of the triplex. 

Alternatively, the potential sequences that can be targeted for triple helix formation 
may be increased by creating a "switchback" nucleic acid molecule. Switchback molecules 
are synthesized in an alternating 5'-3', 3-5' manner, such that they base pair with first one 
strand of a duplex and then the other, eliminating the necessity for a sizeable stretch of 

1 0 either purines or pyrimidines to be present on one strand of the duplex. 

In instances wherein the antisense, ribozyme, and/or triple helix molecules described 
herein are utilized to inhibit mutant hCCh gene expression, it is possible tliat the technique 
may so efficiently reduce or inhibit the transcription (triple helix) and/or translation 
(antisense, ribozyme) of mRNA produced by nomial target gene alleles that the 

1 5 concentration of normal target gene product present may be lower than is necessary for a 
normal phenotype. In such cases, to ensure that substantially normal levels of hCCh gene 
activity are maintained, nucleic acid molecules that encode and express hCCh gene 
polypeptides exhibiting normal target gene activity can be introduced into cells via gene 
therapy methods that do not contain sequences susceptible to whatever antisense, ribozyme, 

20 or triple helix treatments are being utilized. In instances where the target gene encodes an 
extracellular protein, it can be preferable to coadminister normal target gene protem in order 
to maintain the requisite level of target gene activity. 

Antisense RNA and DNA, ribozyme, and triple helix molecules of the invention can 
be prepared by any method known in the art, e.g., methods for chemically synthesizing 

25 oligodeoxyribonucleotides and oligoribonucleotides well known in the art such as solid 

phase phosphoramidite chemical synthesis. Alternatively, RNA molecules can be generated 
by in vitro and in vivo transcription of DNA sequences encoding the antisense RNA 
molecule. Such DNA sequences can be incorporated into a wide variety of vectors which 
incorporate suitable RNA polymerase promoters such as the T7 or SP6 polymerase 

30 promoters. Alternatively, antisense cDNA constructs that synthesize antisense RNA 

constitutively or inducibly, depending on the promoter used, can be introduced stably into 
cell lines. 

In addition, well-known modifications to DNA molecules can be introduced into the 
hCCh nucleic acid molecules of the invention as a means of increasing intracellular stability 
35 and half-life. Possible modifications include, but are not limited to, the addition of flanking 
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sequences of ribo- or deoxy- nucleotides to the 5' and/or 3' ends of the molecule or the use 
of phosphorothioate or 2' O-methyl rather than phosphodiesterase linkages within the 
oligodeoxyribonucleotide backbone. 

5 5.4.3.2, METHODS FOR INCREASING hCCh ACTIVITY 

Successful treatment of ion/cation disorders can also be brought about by techniques 
which serve to increase the level of hCCh activity. Activity can be increased by, for 
example, directly increasing hCCh gene product activity and/or by increasing the level of 
hCCh gene expression. 

1 0 For example, compounds such as those identified through the assays described in 

Section 5.4.2., supra, that increase hCCh activity can be used to treat ion/cation-related 
disorders. Such molecules can include, but are not limited to peptides, including soluble 
peptides, and small organic or inorganic molecules, and can be referred to as hCCh agonists. 
For example, a compound can, at a level sufficient to treat ion/cation-related 
1 5 disorders and symptoms, be administered to a patient exhibiting such symptoms. One of 
skill in the art will readily know how to determine the concentration of effective, non-toxic 
doses of the compound, utilizing techniques such as those described infra . 

Alternatively, in instances wherein the compound to be administered is a peptide 
compoimd, DNA sequences encoding the peptide compound can be directly administered to 

20 a patient exhibiting an ion/cation-related disorder or symptoms, at a concentration sufficient 
to produce a level of peptide compound sufficient to ameliorate the symptoms of the 
disorder. Any of the techniques discussed infra, which achieve intracellular administration 
of compounds, such as, for example, liposome administration, can be utiUzed for the 
administration of such DNA molecules. In the case of peptide compounds which act 

25 extracellularly, the DNA molecules encodmg such peptides can be taken up and expressed 
by any cell type, so long as a sufficient circulating concentration of peptide results for the 
elicitation of a reduction in the ion/cation disorder symptoms. 

In cases where the ion/cation disorder can be localized to a particular portion or 
region of the body, the DNA molecules encoding such modulatory peptides may be 

30 administeredaspart of a delivery complex. Such a delivery complex can comprise an 
appropriate nucleic acid molecule and a targeting means. Such targeting means can 
comprise, for example, sterols lipids, viruses or target cell specific binding agents. Vhral 
vectors can include, but are not limited to adenovirus, adeno-associated viras, and retrovirus 
vectors, in addition to other particles that introduce DNA into cells, such as liposomes. 

35 
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Further, in instances wherein the ion/cation-related disorder involves an aberrant 
hCCh gene, patients can be treated by gene replacement therapy. One or more copies of a 
normal hCCh gene or a portion of the gene that directs the production of a normal hCCh 
gene protein with hCCh gene function, can be inserted into cells, via, for example a delivery 

5 complex as described supra . 

Such gene replacement techniques can be accomplished either in vivo or in vitro . 
Techniques which select for expression within the cell type of interest are preferred. For m 
vivo applications, such techniques can, for example, include appropriate local 
administration of liCCh gene sequences. 

10 Additional methods which may be utilized to increase the overall level of hCCh 

activity include the introduction of appropriate hCCh gene-expressing cells, preferably 
autologous cells, into a patient at positions and in numbers which are sufficient to 
ameHorate the symptoms of the ion/cation-related disorder. Such cells may be either 
recombinant or non-recombinant. Among the cells which can be administered to increase 

15 the overall level of hCCh gene expression in a patient are nomial cells, which express the 
hCCh gene. The cells can be administered at the anatomical site of expression, or as part of 
a tissue graft located at a different site in the body. Such cell-based gene therapy techniques 
are well known to those skilled in the art (see, e.g., Anderson, et al.. United States Patent 
No, 5,399,349; Mulligan and Wilson, United States Patent No. 5,460,959). 

20 hCCh gene sequences can also be introduced into autologous cells in vitro . These 

cells expressing the hCCh gene sequence can then be reintroduced, preferably by 
intravenous administration, into the patient until the disorder is treated and symptoms of the 
disorder are ameliorated. 

25 5.4.3.3. ADDITIONAL MODULATORY TECHNIQUES 

The present invention also includes modulatory techniques which, depending on the 
specific application for which they are utilized, can yield either an increase or a decrease in 
hCCh activity levels leading to the amelioration of ion/cation-related disorders such as those 
described above. 

30 Antibodies exhibiting modulatory capability can be utilized according to the 

methods of this invention to treat the ion/cation-related disorders. Depending on tlie 
specific antibody, the modulatory effect can be an increase or decrease in hCCh activity. 
Such antibodies can be generated using standard techniques described in Section 5.3, supra , 
against fall length wild type or mutant hCCh proteins, or against peptides corresponding to 

35 
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portions of the proteins. The antibodies include but are not limited to polyclonal, 
monoclonal. Fab fragments, single chain antibodies, chimeric antibodies, etc. 

Lipofectin or liposomes can be used to deliver the antibody or a fragment of the Fab 
region which binds to the hGCh gene product epitope to cells expressing the gene product. 

5 Where fragments of the antibody are used, the smallest inhibitory fragment which binds to 
the hCCh protein's binding domain is preferred. For example, peptides having an amino 
acid sequence corresponding to the domain of the variable region of the antibody that binds 
to the hCCh protein can be used. Such peptides can be synthesized chemically or produced 
via recombinant DNA technology using methods well known in the art (e;g., see Creighton, 

10 1983, supra and Sambrook et al., 1989, supra). Alternatively, single chain antibodies, such 
as neutralizing antibodies, which bind to intracellular epitopes can also be administered. 
Such single chain antibodies can be administered, for example, by expressing nucleotide 
sequences encoding smgle-chain antibodies within the target cell population by utilizing, for 
example, techniques such as those described in Marasco et al., 1993, Proc. Natl. Acad. Sci. 

15 USA 90:7889-7893. 

5.5. PHARMACEUTICAL PREPARATIONS AND METHODS OF 

ADMINISTRATION 

The compounds, e.g., nucleic acid sequences, polypeptides, peptides, and 

20 recombinant cells, described supra can be administered to a patient at therapeutically 
effective doses to treat or ameliorate ion/cation-related disorders. A therapeutically 
effective dose refers to that amount of a compoimd or cell population sujBTicient to result in 
amelioration of the disorder symptoms, or altematively, to that amount of a nucleic acid 
sequence sufficient to express a concentration of hCCh gene product which resuhs in the 

25 amelioration of the disorder symptoms. 

Toxicity and therapeutic efficacy of compoxmds can be determined by standard 
phamiaceutical procedures in cell cultures or experimental animals, e.g., for determinmg the 
LD50 (the dose lethal to 50% of tlie population) and the ED50 (the dose therapeutically 
effective in 50% of the population). The dose ratio between toxic and therapeutic efifects is 

3Q the therapeutic index and it can be expressed as the ratio LD50/ED50. Compounds which 
exhibit large therapeutic indices are preferred. While compoimds that exhibit toxic side 
effects can be used, care should be taken to design a delivery system that targets such 
compounds to the site of affected tissue in order to minimize potential damage to uninfected 
cells and, thereby, reduce side effects. 

35 The data obtained from the cell culture assays and animal studies can be used in 

formulating a range of dosage for use in humans. The dosage of such compounds lies 
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preferably within a range of circulating concentrations that include the ED50 with little or no 
toxicity. The dosage can vary within this range depending upon the dosage form employed 
and the route of administration utilized. For any compound used in the methods of the 
invention, the therapeutically effective dose can be estimated initially from cell culture 

5 assays. A dose can be formulated in animal models to achieve a circulating plasma 
concentration range that includes the IC50 (i.e., the concentration of the test compound 
which achieves a half-maximal inhibition of symptoms) as determined in cell culture. Such 
infonnation can be used to more accurately determine useful doses in humans. Levels in 
plasma can be measured, for example, by high performance liquid chromatography. 

10 Phamiaceutical compositions for use in accordance with the present invention can 

be fomiulated in conventional manner using one or more physiologically acceptable carriers 
or excipients. 

Thus, the compounds and their physiologically acceptable salts and solvents can be 
fomiulated for administration by inhalation or insufflation (either through the mouth or the 

15 nose) or oral, buccal, parenteral or rectal administration. 

For oral administration, the pharmaceutical compositions can take the form of, for 
example, tablets or capsules prepared by conventional means with pharmaceutically 
acceptable excipients such as binding agents (e.g., pregelatinised maize starch, 
polyvinylpyrrolidone or hydroxypropyl methylcellulose); fillers (e.g., lactose, 

20 microcrystalline cellulose or calcium hydrogen phosphate); lubricants (e.g., magnesium 
stearate, talc or silica); disintegrants (e.g., potato starch or sodium starch glycolate); or 
wetting agents (e.g., sodium lauryl sulphate). The tablets can be coated by methods well 
known in the art. Liquid preparations for oral administration can take the form of, for 
example, solutions, syrups or suspensions, or they can be presented as a dry product for 

25 constitution with water or other suitable vehicle before use. Such liquid preparations can be 
prepared by conventional means with pharmaceutically acceptable additives such as 
suspending agents (e.g., sorbitol syrup, cellulose derivatives or hydrogenated edible fats); 
emulsifying agents (e.g., lecithin or acacia); non-aqueous vehicles (e.g., almond oil, oily 
esters, ethyl alcohol or fractionated vegetable oils); and preservatives (e.g,, methyl or 

30 propyl-p-hydroxybenzoates or sorbic acid). The preparations can also contain buffer saUs, 
flavoring, coloring and sweetening agents as appropriate. 

Preparations for oral administration can be suitably formulated to give controlled 
release of the active compound. 

For buccal administration the compositions can take the form of tablets or lozenges 

35 formulated in conventional manner. 
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For administration by inhalation, the compounds for use according to the present 
invention are conveniently dehvered in the form of an aerosol spray presentation from 
pressurized packs or a nebulizer, with the use of a suitable propellant, e.g., 
dichlorodifluoromethane, trichlorofluoromethane, dichlorotetrafluoroethane, carbon dioxide 
5 or other suitable gas. In the case of a pressurized aerosol the dosage unit can be determined 
by providing a valve to deliver a metered amount. Capsules and cartridges of e.g. gelatin 
for use in an inhaler or insufflator can be formulated containing a powder mix of the 
compound and a suitable powder base such as lactose or starch. 

The compounds can be formulated for parenteral administration (i.e., intravenous or 
10 intramuscular) by injection, via, for example, bolus injection or continuous infusion. 
Formulations for injection can be presented in imit dosage form, e.g., in ampoules or in 
multi-dose containers, with an added preservative. The compositions can take such forms 
as suspensions, solutions or emulsions in oily or aqueous vehicles, and can contain 
formulatory agents such as suspending, stabilizing and/or dispersing agents. Alternatively, 
1 5 the active ingredient can be in powder form for constitution with a suitable vehicle, e.g., 
sterile pyrogen-free water, before use. It is preferred that hCCh-expressing cells be 
introduced into patients via intravenous administration. 

The compounds can also be formulated in rectal compositions such as suppositories 
or retention enemas, e.g., containing conventional suppository bases such as cocoa butter or 
20 other glycerides. 

In addition to the formulations described previously, the compounds can also be 
formulated as a depot preparation. Such long acting formulations can be administered by 
implantation (for example subcutaneously or intramuscularly) or by intramuscular injection. 
Thus, for example, the compounds can be formulated with suitable polymeric or 
25 hydrophobic materials (for example as an emulsion in an acceptable oil) or ion exchange 
resins, or as sparingly soluble derivatives, for example, as a sparingly soluble sah. 

The compositions can, if desired, be presented in a pack or dispenser device which 
can contain one or more unit dosage forms containing the active ingredient. The pack can 
for example comprise metal or plastic foil, such as a blister pack. The pack or dispenser 
30 device can be accompanied by instructions for administration. 

6. EXAMPLE: IDENTIFICATION OF TWO NOVEL hCCh GENES 
AND THEIR ENCODED PROTEINS 

The section below describes the identification of novel human gene sequences 
encoding novel himian ion channels, 
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6.1. CLONING OF NOVEL hCCh3 DNA SEQUENCES 
In general all routine molecular biology procedures followed standard protocols or 
relied on widely available commercial kits and reagents. All sequencing was done with an 
5 ABI 373 automated sequencer using commercial dye-terminator chemistr>'. 

The published rat vanilloid receptor (VRl) sequence was used in a homology search 
(BLAST) of expressed sequence tag EST databases, both public (e.g. NCBI) and private 
(Incyte Pharmaceuticals, Inc. LifeSeq Database), The selected EST set was further analyzed 
and overlapping sequences identified and assembled to provide a limited number of longer 
1 0 contiguous sequences ("contigs"). These were sorted by their degree of homology to the 
reported rat channel. None of the contigs included an entire coding sequence. Some of the 
contigs were overlapping but not identical and thus represented segments of independent 
genes; others were non-overlapping and thus could have represented fragments of the same 
or different genes. 

15 Complete gene sequence data was subsequently obtained as follows: 

hCChS.L Two EST clones were selected which appeared to contain inserts spanning 
the largest portion of the candidate gene from a database set comprising a contig not 
included in previously reported genes. The physical clones were obtained from Incyte. 
Complete sequencing of these clones provided part but not all of the coding sequence. One 

20 of the EST clones included a portion of an altematively-spliced form, designated hCCh3.2, 
which variant is defined by a deletion of 1 80 base pairs (60 amino acids). The region 
deleted includes a portion of a third ankyrin domain repeat and conserved PKC/calcineurin 
and tyrosine phosphorylation sites which are likely to be important regulatory sites. 

The remaining upstream sequence was obtained from kidney cDNA (Clontech 

25 Marathon-Ready cDNA) using the 5' RACE method, following the manufacturer's 

recommended protocol using a gene-specific primer (see, e.g., Bertling, W.M. et aL, 1993, 
PCR Methods Appl. 3: 95-99 and Frohman, M.A., 1991, Methods in Enzymology 218: 340- 
362). 

The DNA sequences for hCCh3.1 and hCCh3.2 are depicted in FIGS. 1 and 3, 
30 respectively. The derived protein, i.e., amino acid, sequences encoded by the hCCh3.1 and 
hCCh3.2 genes are depicted in FIGS. 2 and 4, respectively. 

For expression, the PCR-derived hCChS.l splice form was selected and the gene 
was amplified fi-om the Clontech cDNA using a forward primer which included a Bam HI 
restriction site and Kozak consensus sequence (TTG GAT CCA CCA TGA ACT TCC 
35 AGG GCG CCT TCC GCA) and a reverse primer which included an Xba I restriction site 
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(TTT CTA GAC TAG AGC GGG GCG TCA TCA GTC), The gene was then subcloned 
into the commercially-available expression plasmid, pcDNA3.1(+) (Invitrogen). 

In addition, for ease of detection of hCCh gene expression, a construct coding for 
hCChS.l fused at the N-terminus to a fluorescent protein variant ("enhanced yellow 
5 fluorescent protein") was further prepared by subcloning hCChS . 1 directly into the 
commercially-available expression vector, pEYFP-CI (Clontech). This construct was 
termed hCChS . 1 -pE YFP-C 1 . 

Furthermore, apart of the EST clone including the alternatively-spliced segment was 
subcloned into the hCCh3.1-pcDNA3.1(+) and hCCh3.1-pE YFP-C 1 constructs using 
1 0 available restriction sites (Sph I and EcoR I) to produce the hChh3.2-pcDNA3. 1 (+) and 
hCCh3.2-pE YFP-C 1 constructs of the invention. 

The expression patterns of the hCCh3 genes were determined using Human Multiple 
Tissue Northern Blots and Multiple Tissue Expression Assays obtained from Clontech. A 
cDNA probe, derived from a ca. 600 bp Apa I - Kpn I fragment from the 3' UTR of hCCh3 
15 which is common to both splice forms, was radiolabeled with [a-^2p]dCTP (3000 Ci/mmol) 
using the DecaPrime II DNA labeling kit (Ambion). This segment represented a region of 
low homology between hCCh3 and the VR and trp channel proteins, providing a probe of 
the highest specificity. Control blots confirmed the lack of cross hybridization. 
Prehybridization and hybridization (16 h; 65°C; --10^ CPM probe per mL) in ExpressHybe 
20 buffer (Clontech) generally followed protocols recommended by tlie manufacturer. Blots 
were washed twice at high stringency (O.lx SSC /0.1% SDS; 65°)and film autoradiograms 
were exposed for 1 8-24 h and ca, 4d. 

These experiments indicated that, with the exception of the trachea and salivary 
gland, expression of the hCCh3 gene is low to weak in organ tissues. These results do not, 
25 however, rule out high levels of expression within defmed cell types that may comprise a 
small portion of any of the examined tissues. 

In addition, a Ca^'^-flux assay was performed to determine the effect on hCCh3 of 
various ligands known to affect the vanilloid proteins. More specifically, Ca^^ uptake was 
measured in transiently transfected CHO cells, i.e., transfected with the hCCh nucleic acid 
30 molecxiles of the invention, using the Ca-''-sensitive dye Fluo-4 (Molecular Probes) in a 

Molecular Devices Fluorometric hnaging Plate Reader (FLIPR). Cells were loaded with the 
dye for 30-90 minutes prior to the experiment in the presence of sulfinpyrazone. Test 
reagents were added, and Ca-"" uptake measured over a three minute period. 

In these experiments, hCCh3 did not confer sensitivity to capsaicin or 
35 resiniferatoxin, two ligands used to define the vanilloid receptor subtypes. Thus, the novel 
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human channels encoded by hCCh3 do not appear to mediate their actions via capsaicin or 
other related vanilloids. 

The complete sequence for hCChS can be identified in a set of sequences from a 
large genomic fragment (AC007834) reported as part of the human genome sequencing 
5 project. Sequencing of the latter is as yet incomplete and the reported sequences not yet 

assembled into a verified contig or the sequence described herein reported as a distinct gene. 

6.2. CLONING OF A NOVEL hCCh4 DNA SEQUENCE 
The hCCh4 DNA sequence of the invention was obtained essentially as described 

10 above, i.e., the rat VRl sequence was used to search for homologous sequences in EST 
databases. PGR priniers were prepared using data from a contig not included in previously 
reported genes. These were used to screen human prostate cDNA (Invitrogen); a positive 
result indicated that hCCh4 is expressed therein. The database consensus sequence was 
extended in the 5* direction by the RACE procedure using prostate cDNA as template 

1 5 (Clontech Marathon-Ready cDNA). For expression, the entire gene was amplified from the 
Invitrogen cDNA using a forward primer which included a EcoR 1 restriction site and 
Kozak consensus sequence (CGA AU CTA CCA TGG GTT TGT CAC TGC CCA AG) 
and a reverse primer which included Xho I and Not I restriction sites (CTC GAG CGG 
CCG CAC GCA GTC AGA TCT GAT ATT C). The product was subcloned into 

20 pcDNAS . 1 (+) (Invitrogen). 

Tissue expression by Northern blots and expression assays were performed as 
described above. These experiments indicated that mRNA for the human hCCh4 channel 
protein reported herein has a significantly different distribution of expression compared to 
rabbit and rat channel proteins reported in the art (see, e.g., Hoenderop et aL, supra, and 

25 Peng et ai., supra ). Thus, whereas the rabbit EcaC protein of Hoenderop is expressed in 
high levels in the kidney and the rat CaTl protein of Peng is expressed in the lining of the 
gut, and these researchers propose that these proteins mediate Ca-^ re-uptake from urine and 
absorption from the intestinal lumen, respectively, the present experiments indicated that 
the highest levels of hCCh4 expression occur in the placenta, prostate, salivary gland, and 

30 pancreas with lower but significant levels observed in a number of brain regions including 
cerebral cortex, nucleus accumbens, caudate nucleus, putamen, hippocampus, medulla, 
spinal cord, pons, corpus callosum, substantia nigra, thalamus, and others. While hCCh4 
transcripts are also observed in kidney and various segments of the gut, the levels of 
expression in the these tissues were much reduced compared to the rabbit and rat proteins 

35 disclosed in the art. 
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In addition, using the Ca^'"-flux assay described above, it was determined that 
hCCh4, Hke hCChS, does not confer sensitivity to capsaicin or resiniferatoxin and thus the 
novel human channel encoded by hCCh4 does not appear to mediate its actions via 
capsaicin or other related vanilloids. 

5 

7. DEPOSIT OF MICROORGAMSMS 
The following microorganisms were deposited with the American Type Culture 
Collection (ATCC), 10801 University Blvd., Manassas, Virginia 20 110 on January 13, 2000 
and assigned the following nimibers: 

10 

Microorganism 

hCCh3.1-pcDNA3.1(+) 
hCChS .2-pcDNA3 . 1 (+) 
hCCh4-pcDNA3.1(+) 

15 

The present invention is not to be limited in scope by the specific embodiments 
described herein, which are intended as single illustrations of individual aspects of the 
invention, and functionally equivalent methods and components are within the scope of the 
invention. Indeed, various modifications of the invention, in addition to those shown and 
20 described herein will become apparent to those skilled in the art from the foregoing 

description and accompanying drawings. Such modifications are intended to fall within the 
scope of the appended claims. Various publications are cited herein, the disclosures of 
which are incorporated by reference in their entireties. 



ATCC Deposit No. 
PTA-1204 
PTA-1205 
PTA.1206 



30 



35 
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International Application No: PCX/ / 

MICROORGANISMS 

optional Sheet in connection with the microorganisnn referred to on pages 52 , lines 6-23 of the description ' 

A. IDENTIFICATION OF DEPOSIT ' 

Further deposits are identified on an additional sheet ' 

Name of depositary' institution ' 
American Type Culture Collection 



Address of depositary institution (including postal code and country) ' 

10801 University Blvd. 
Manassas, VA 20110-2209 
US 

Date of deposit ' January 1 3, 2000 Accession Numb er ' PTA-1204 

B. ADDITIONAL INDICATIONS • (leave blank if not applicable). This informaiion is continued on a separate attached sheet 



C. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE * ofu« b^i^uo., ««oo.nii.i«p«,casu.«) 



D. SEPARATE FURNISHING OF INDICATIONS ' (leave blank if not applicable) 



The indications listed below will be submitted to the International Bureau later * {Specify the general nature of the Indications e.g., 
"Accession Number of Deposit") 



E. S This sheet was received with the International application when filed (to be checked by tlie receiving Office) 



(Authorized Officer) 
□ The date of receipt (from the applicant) by the International Bureau ' 



was 



(Authorized Officer) 

Form PCT/RO/134 (January 1981) ~" 
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Form PCT/RO/134 (cont.) 

American Type Culture Collection 

10801 University Blvd. 
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Accession No. 
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January 13, 2000 



PTA-1206 



January 13, 2000 



BNSDOCID: <WO 0153348A2_I_> 



wo 01/53348 



PCT/USOl/01804 



We claim: 

1 . An isolated nucleic acid comprising: 

(a) a nucleic acid sequence that encodes a polypeptide having the amino 
5 acid sequence of FIG. 2 or FIG. 4 (SEQ ID NO. ); 

(b) the complement of the nucleic acid sequences of (a); or 

(c) a hCChj gene or a complement of a hCChS gene as contained in 
ATCC Deposit Nos. PTA-1204 and PTA-1205, 

10 2. An isolated nucleic acid comprising: 

(a) a nucleic acid sequence that encodes a polypeptide having the amino 
acid sequence of FIG. 6 (SEQ ID NO. ); 

(b) the complement of the nucleic acid of (a); or 

(c) a hCCh4 gene or a complement of a hCCh4 gene as contained in 
15 ATCC Deposit No. PTA-1206 

3. An isolated nucleic acid comprising a nucleic acid capable of hybridizing 
under stringent conditions to a nucleic acid molecule of claim 1 or 2 and encoding a hCCh 
polypeptide having an activity of a naturally occurring hCCh polypeptide. 

20 

4. An isolated nucleic acid of claim 1 comprising the nucleic acid sequence of 

FIG. 1. 

5. An isolated nucleic acid of claim 1 comprising the nucleic acid sequence of 

25 FIG. 3. 

6. An isolated nucleic acid of claim 2 comprising the nucleic acid sequence of 

FIG. 5. 

30 7. An isolated nucleic acid of claim 1 or 2, which is genomic or cDNA. 

8. An isolated nucleic acid of claim 1 or 2, which is RNA. 

9. An isolated nucleic acid of claim 1 or 2 further comprising a label. 

35 
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10. A recombinant vector comprising a nucleic acid of claim 1, 2, 4, 5, or 6. 

11. A recombinant vector comprising a nucleic acid of claim 3. 

12. An expression vector comprising a nucleic acid of claim 1, 2, 4, 5, or 6 
operatively associated with a regulatory nucleotide sequence containing transcriptional and 
translational regulatory information that controls expression of the nucleic acid in a host 
cell. 

13. An expression vector comprising a nucleic acid of claim 3 operatively 
associated with a regulatory nucleotide sequence containing transcriptional and translational 
regulatory information that controls expression of the nucleic acid in a host cell. 



14. A genetically engineered host cell containing a nucleic acid of claim 1 , 2, 4, 

5, or 6. 

15. A genetically engineered host cell containing a nucleic acid of claim 3. 

16. A genetically engineered host cell containing a nucleic acid of claim 1, 2, 4, 
5, or 6 operatively associated with a non-native regulatory nucleotide sequence containing 
transcriptional and translational regulatory information that controls expression of the 
nucleic acid sequence in a host cell. 

17. A genetically engineered host cell containing a nucleic acid sequence of 
claim 3 operatively associated with a non-native regulatory nucleotide sequence containing 
transcriptional and translational regulatory information that controls expression of the 
nucleic acid sequence in a host cell. 



30 18. A method of making an hCCh polypeptide comprising the steps of: 

(a) culturing the host cell of claim 16 in an appropriate culture medium 
to produce an hCCh polypeptide; and 

(b) isolating the hCCh polypeptide. 

35 
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19. A method of making an hCCh polypeptide comprising the steps of: 

(a) culturing the host cell of claim 1 7 in an appropriate culture medium 
to produce an hCCh polypeptide; and 

(b) isolating the hCCh polypeptide. 

5 

20. The method of claim 1 8, wherein the hCCh polypeptide is hCCh3 . 1 , 
hCCh3.2 or hCCh4 or a functionally equivalent derivative thereof 

2 1 . The method of claim 1 9, wherein the hCCh polypeptide is hCCh3 . 1 , 
1 0 hCCh3.2 or hCCh4 or a functionally equivalent derivative thereof. 

22. An antibody preparation which is specifically reactive with an epitope of an 
hCCh polypeptide. 

15 23. A substantially pure polypeptide encoded by a nucleic acid of claim 1, 2, 3, 

4, 5 or 6. 

24. A substantially pure human polypeptide, as depicted in FIG. 2, 4 or 6. 

20 25. A substantially pure polypeptide which is at least 90% identical to the 

polypeptide as set forth in FIG. 2, 4 or 6. 

26. A pharmaceutical composition comprising a therapeutically effective amount 
of a polypeptide encoded by the nucleic acid claim 1, 2, 3, 4, 5 or 6 and a pharmaceutically 

25 acceptable carrier. 

27. A pharmaceutical composition comprising a therapeutically effective amoimt 
of a human polypeptide of claim 24 and a pharmaceutically acceptable carrier. 

30 28. A pharmaceutical composition comprising a therapeutically effective amount 

of a human polypeptide of claim 25 and a pharmaceutically acceptable carrier. 



35 
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29. A method for identifying compounds that modulate hCCh activity 
comprising: 

(a) contacting a test compound to a cell that expresses a hCCh gene; 

(b) measuring the level of hCCh gene expression in the cell; and 

5 (c) comparing the level obtained in (b) with the hCCh gene expression 

obtained in the absence of the compound; 

such that if the level obtained in (b) differs from that obtained in the absence of the 
compound, a compound that modulates hCCh activity is identified. 

10 30. A method for identifying compounds that modulate hCCh activity 

comprising: 

(a) contacting a test compound to a cell that contains a hCCh 
polypeptide; 

(b) measuring the level of hCCh polypeptide or activity in the cell; and 
1 5 (c) comparing the level obtained in (b) with the level of hCCh 

polypeptide or activity obtained in the absence of the compound; 
such that if the level obtained in (b) differs from that obtained in the absence of the 
compound, a compound that modulates hCCh activity is identified. 

20 31. A method for identifying compounds that regulate ion channel-related 

disorders, comprising: 

(a) contacting a test compound with a cell which expresses a nucleic acid 
of claim 1, 2 or 3, and 

(b) determining whether the test compound modulates hCCh activity. 

25 

32. A method for identifying compounds that regulate ion channel-related 
disorders comprising: 

(a) contacting a test compound with a nucleic acid of claim 1 , 2 or 3; and 

(b) determining whether the test compound interacts with the nucleic 
30 acid of claim 1, 2 or 3. 



35 



-56- 



BNSDOCID: <WO 0153348A2_I_> 



wo 01/53348 



PCT/USOl/01804 



33. A method for identifying compounds that regulate ion channel-related 
disorders, comprising: 

(a) contacting a test compound with a cell or cell lysate containing a 
reporter gene operatively associated with a hCCh regulatory element: 

5 and 

(b) detecting expression of the reporter gene product. 

34. A method for identifying compounds that regulate ion channel-related 
disorders comprising: 

1 0 (a) contacting a test compound with a cell or cell lysate containing hCCh 

transcripts; and 
(b) detecting the translation of the hCCh transcript. 

35. A method for the treatment of ion channel-related disorders, comprising 
1 5 modulating the activity of a hCCh polypeptide. 

36. The method of claim 35, wherein the hCCh polypeptide is hCCh3. 1 , 
hCCh3.2 or hCCh4, or a functionally equivalent derivative thereof. 

20 37. The method of claim 35, wherein the method comprises administering an 

effective amount of a compound that agonizes or antagonizes the activity of the hCCh 
polypeptide. 

38. A method for the treatment of ion channel-related disorders, comprising 
25 administering an effective amount of a compound that decreases expression of a hCCh 

gene. 

39. A method for the treatment of ion channel-related disorders, comprising 
administering an effective amount of a compoimd that increases expression of a hCCh gene. 

30 

40. A pharmaceutical fomiulation for the treatment of ion channel-related 
disorders, comprising a compound that activates or inhibits hCCh activity, mixed with a 
pharmaceutically acceptable carrier. 

35 
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1/9 

ATG AAG TTC CAG GGC GCC TTC CGC AAG GGG GTG CCC AAC CCC ATC GAT CTG CTG 
GAG TCC ACC CTA TAT GAG TCC TCG GTG GTG CCT GGG CCC AAG AAA GCA CCC ATG 
GAC TCA CTG TTT GAC TAC GGC ACC TAT CGT CAC CAC TCC AGT GAC AAC AAG AGG 
TGG AGG AAG AAG ATC ATA GAG AAG CAG CCG CAG AGC CCC AAA GCC CCT GCC CCT 
CAG CCG CCC CCC ATC CTC AAA GTC TTC AAC CGG CCT ATC CTC TTT GAC ATC GTG 
TCC CGG GGC TCC ACT GCT GAC CTG GAC GGG CTG CTC CCA TTC TTG CTG ACC CAC 
AAG AAA CGC CTA ACT GAT GAG GAG TTT CGA GAG CCA TCT ACG GGG AAG ACC TGC 
CTG CCC AAG GCC TTG CTG AAC CTG AGC AAT GGC CGC AAC GAC ACC ATC CCT GTG 
CTG CTG GAC ATC GCG GAG CGC ACC GGC AAC ATG CGG GAG TTC ATT AAC TCG CCC 
TTC CGT GAC ATC TAC TAT CGA GGT CAG ACA GCC CTG CAC ATC GCC ATT GAG CGT 
CGC TGC AAA CAC TAC GTG GAA CTT CTC GTG GCC CAG GGA GCT GAT GTC CAC GCC 
CAG GCC CGT GGG CGC TTC TTC CAG CCC AAG GAT GAG GGG GGC TAC TTC TAC TTT 
GGG GAG CTG CCC CTG TCG CTG GCT GCC TGC ACC AAC CAG CCC CAC ATT GTC AAC 
TAC CTG ACG GAG AAC CCC CAC AAG AAG GCG GAC ATG CGG CGC CAG GAC TCG CGA 
GGC AAC ACA GTG CTG CAT GtG CTG GTG GCC ATT GCT GAC AAC ACC CGT GAG AAC 
ACC AAG TTT GTT ACC AAG ATG TAC GAC CTG CTG CTG CTC AAG TGT GCC CGC CTC 
TTC CCC GAC AGC AAC CTG GAG GCC GTG CTC AAC AAC GAC GGC CTC TCG CCC CTC 
ATG ATG GCT GCC AAG ACG GGC AAG ATT GGG ATC TTT CAG CAC ATC ATC CGG CGG 
GAG GTG ACG GAT GAG GAC ACA CGG CAC CTG TCC CGC AAG TTC AAG GAC TGG GCC 
TAT GGG CCA GTG TAT CCC TCG CTT TAT GAC CTC TCC TCC CTG GAC ACG TGT GGG 
GAA GAG GCC TCC GTG CTG GAG ATT CTG GTG TAC AAC AGC AAG ATT GAG AAC CGC 
CAC GAG ATG CTG GCT GTG GAG CCC ATC AAT GAA CTG CTG CGG GAC AAG TGG CGC 
AAG TTC GGG GCC GTC tCC TTC TAC ATC AAC GTG GTC TCC TAC CTG TGT GCC ATG 
GTC ATC TTC ACT CTC ACC GCC TAC TAC CAG CCG CTG GAG GGC ACA CCG CCG TAC 
CCT TAC CGC ACC ACG GTG GAC TAC CTG CGG CTG GCT GGC GAG GTC ATT ACG CTC 
TTC ACT GGG GTC CTG TTC TTC TTC ACC AAC ATC AAA GAC TTG TTC ATG AAG AAA 
TGC CCT GGA GTG AAT TCT CTC TTC ATT GAT GGC TCC TTC CAG CTG CTC TAC TTC 
ATC TAC TCT GTC CTG GTG ATC GTC TCA GCA GCC CTC TAC CTG GCA GGG ATC GAG 
GCC TAC CTG GCC GTG ATG GTC TTT GCC CTG GTC CTG GGC TGG ATG AAT GCC CTT 
TAC TTC ACC CGT GGG CTG AAG CTG ACG GGG ACC TAT AGC ATC ATG ATC CAG AAG 
ATT CTC TTC AAG GAC CTT TTC CGA TTC CTG CTC GTC TAC TTG CTC TTC ATG ATC 
GGC TAC GCT TCA GCC CTG GTC TCC CTC CTG AAC CCG TGT GCC AAC ATG AAG GTG 
TGC AAT GAG GAC CAG ACC AAC TGC ACA GTG CCC ACT TAC CCC TCG TGC CGT GAC 
AGC GAG ACC TTC AGC ACC TTC CTC CTG GAC CTG TTT AAG CTG ACC ATC GGC ATG 
GGC GAC CTG GAG ATG CTG AGC AGC ACC AAG TAC CCC GTG GTC TTC ATC ATC CTG 
CTG GTG ACC TAC ATC ATC CTC ACC TTT GTG CTG CTC CTC AAC ATG CTC ATT GCC 
CTC ATG GGC GAG ACA GTG GGC CAG GTC TCC AAG GAG AGC AAG CAC ATC TGG AAG 
CTG CAG TGG GCC ACC ACC ATC CTG GAC ATT GAG CGC TCC TTC CCC GTA TTC CTG 
AGG AAG GCC TTC CGC TCT GGG GAG ATG GTC ACC GTG GGC AAG AGC TCG GAC GGC 
ACT CCT GAC CGC AGG TGG TGC TTC AGG ,GTG GAT GAG GTG AAC TGG TCT CAC TGG 
AAC CAG AAC TTG GGC ATC ATC AAC GAG GAC CCG GGC AAG AAT GAG ACC TAC CAG 
TAT TAT GGC TTC TCG CAT ACC GTG GGC CGC CTC CGC AGG GAT CGC TGG TCC TCG 
GTG GTA CCC CGC GTG GTG GAA CTG AAG AAG AAC TCG AAC CCG GAC GAG GTG GTG 
GTG CCT CTG GAC AGC ATG GGG AAC CCC CGC TGC GAT GGC CAC CAG CAG GGT TAC 
CCC CGC AAG TGG AGG ACT GAT GAC GCC CCG CTC TAG 

FIGJ 
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TLYES SVVPG PKKAP MDSLF 
FNRPI LFDIV SRGST ADLDG 
TIPVL LDIAE RTGNM REFIN 
RGRFF QPKDE GGYFY FGELP 
VAIAD NTREN TKFVT KMYDL 
IIRRE VTDED TRHLS RKFKD 
MLAVE PINEL LRDKW RKFGA 
LRLAG EVITL FTGVL FFFTN 
AGIEA YLAVM VFALV LGWMN 
ASALV SLLNP CANMK VCNED 
TKYPV VFIIL LVTYI ILTFV 
PVFLR KAFRS GEMVT VGKSS 
GFSHT VGRLR RDRWS SVVPR 



60 

DYGTY RHHSS DNKRW RKKII 

120 

LLPFL LTHKK RLTDE EFREP 

180 

SPFRD lYYRG QTALH lAIER 

240 

LSLAA CTNQP HIVNY LTENP 

300 

LLLKC ARLFP DSNLE AVLNN 

360 

WAYGP VYPSL YDLSS LDTCG 

420 

VSFYI NVVSY LCAMV IFTLT 

480 

IKDLF MKKCP GVNSL FIDGS 

540 

ALYFT RGLKL TGTYS IMIQK 

600 

QTNCT VPTYP SCRDS ETFST 

660 

LLLNM LIALM GETVG QVSKE 

720 

DGTPD RRWCF RVDEV NWSHW 

780 

VVELN KNSNP DEVVV PLDSM 



781 803 
GNPRC DGHQQ GYPRK WRTDD APL 
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ATG AAG TTC CAG GGC GCC TTC CGC AAG GGG GTG CCC AAC CCC ATC GAT CTG CTG 
GAG TCC ACC CTA TAT GAG TCC TCG GTG GTG CCT GGG CCC AAG AAA GCA CCC ATG 
GAC TCA CTG TTT GAC TAC GGC ACC TAT CGT CAC CAC TCC AGT GAC AAC AAG AGG 
TGG AGG AAG AAG ATC ATA GAG AAG CAG CCG CAG AGC CCC AAA GCC CCT GCC CCT 
CAG CCG CCC CCC ATC CTC AAA GTC TTC AAC CGG CCT ATC CTC TTT GAC ATC GTG 
TCC CGG GGC TCC ACT GCT GAC CTG GAC GGG CTG CTC CCA TTC TTG CTG ACC CAC 
AAG AAA CGC CTA ACT GAT GAG GAG TTT CGA GAG CCA TCT ACG GGG AAG ACC TGC 
CTG CCC AAG GCC TTG CTG AAC CTG AGC AAT GGC CGC AAC GAC ACC ATC CCT GTG 
CTG CTG GAC ATC GCG GAG CGC ACC GGC AAC ATG CGG GAG TTC ATT AAC TCG CCC 
TTC CGT GAC ATC TAC TAT CGA GGT CAG ACA GCC CTG CAC ATC GCC ATT GAG CGT 
CGC TGC AAA CAC TAC GTG GAA CTT CTC GTG GCC CAG GGA GCT GAT GTC CAC GCC 
CAG GCC CGT GGG CGC TTC TTC CAG CCC AAG GAT GAG GGG GGC TAC TTC TAC TTT 
GGG GAG CTG CCC CTG TCG CTG GCT GCC TGC ACC AAC CAG CCC CAC ATT GTC AAC 
TAC CTG ACG GAG AAC CCC CAC AAG AAG GCG GAC ATG CGG CGC CAG GAC TCG CGA 
GGC AAC ACA GTG CTG CAT GCG CTG GTG GCC ATT GCT GAC AAC ACC CGT GAG AAC 
ACC AAG TTT GTT ACC AAG ATG TAC GAC CTG CTG CTG CTC AAG TGT GCC CGC CTC 
TTC CCC GAC AGC AAC CTG GAG GCC GTG CTC AAC AAC GAC GGC CTC TCG CCC CTC 
ATG ATG GCT GCC AAG ACG GGC AAG ATT GGG AAC CGC CAC GAG ATG CTG GCT GTG 
GAG CCC ATC AAT GAA CTG CTG CGG GAC AAG TGG CGC AAG TTC GGG GCC GTC TCC 
TTC TAC ATC AAC GTG GTC TCC TAC CTG TGT GCC ATG GTC ATC TTC ACT CTC ACC 
GCC TAC TAC CAG CCG CTG GAG GGC ACA CCG CCG TAC CCT TAC CGC ACC ACG GTG 
GAC TAC CTG CGG CTG GCT GGC GAG GTC ATT ACG CTC TTC ACT GGG GTC CTG TTC 
TTC TTC ACC AAC ATC AAA GAC TTG TTC ATG AAG AAA TGC CCT GGA GTG AAT TCT 
CTC TTC ATT GAT GGC TCC TTC CAG CTG CTC TAC TTC ATC TAC TCT GTC CTG GTG 
ATC GTC TCA GCA GCC CTC TAC CTG GCA GGG ATC GAG GCC TAC CTG GCC GTG ATG 
GTC TTT GCC CTG GTC CTG GGC TGG ATG AAT GCC CTT TAC TTC ACC CGT GGG CTG 
AAG CTG ACG GGG ACC TAT AGC ATC ATG ATC CAG AAG ATT CTC TTC AAG GAC CTT 
TTC CGA TTC CTG CTC GTC TAC TTG CTC TTC ATG ATC GGC TAC GCT TCA GCC CTG 
GTC TCC CTC CTG AAC CCG TGT GCC AAC ATG AAG GTG TGC AAT GAG GAC CAG ACC 
AAC TGC ACA GTG CCC ACT TAC CCC TCG TGC CGT GAC AGC GAG ACC TTC AGC ACC 
TTC CTC CTG GAC CTG TTT AAG CTG ACC ATC GGC ATG GGC GAC CTG GAG ATG CTG 
AGC AGC ACC AAG TAC CCC GTG GTC TTC ATC ATC CTG CTG GTG ACC TAC ATC ATC 
CTC ACC TTT GTG CTG CTC CTC AAC ATG CTC ATT GCC CTC ATG GGC GAG ACA GTG 
GGC CAG GTC TCC AAG GAG AGC AAG CAC ATC TGG AAG CTG CAG TGG GCC ACC ACC 
ATC CTG GAC ATT GAG CGC TCC TTC CCC GTA TTC CTG AGG AAG GCC TTC CGC TCT 
GGG GAG ATG GTC ACC GTG GGC AAG AGC TCG GAC GGC ACT CCT GAC CGC AGG TGG 
TGC TTC AGG GTG GAT GAG GTG AAC TGG TCT CAC TGG AAC CAG AAC TTG GGC ATC 
ATC AAC GAG GAC CCG GGC AAG AAT GAG ACC TAC CAG TAT TAT GGC TTC TCG CAT 
ACC GTG GGC CGC CTC CGC AGG GAT CGC TGG TCC TCG GTG GTA CCC CGC GTG GTG 
GAA CTG AAG AAG AAC TCG AAC CCG GAC GAG GTG GTG GTG CCT CTG GAC AGC ATG 
GGG AAC CCC CGC TGC GAT GGC CAC CAG CAG GGT TAC CCC CGC AAG TGG AGG ACT 
GAT GAC GCC CCG CTC TAG 

FIG. 3 
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1 60 
MKFQG AFRKG VPNPI DLLES TLYES SVVPG PKKAP MDSLF DYGTY RHHSS DNKRW RKKII 

61 120 
EKQPQ SPKAP APQPP PILKV FNRPI LFDIV SRGST ADLDG LLPFL LTHKK RLTDE EFREP 

121 180 
STGKT CLPKA LLNLS NGRND TIPVL LDIAE RTGNM REFIN SPFRD lYYRG QTALH lAIER 

181 240 
RCKHY VELLV AQGAD VHAQA RGRFF QPKDE GGYFY FGELP LSLAA CTNQP HIVNY LTENP 

241 300 
HKKAD MRRQD SRGNT VLHAL VAIAD NTREN TKFVT KMYDL LLLKC ARLFP DSNLE AVLNN 

301 360 
DGLSP LMMAA KTGKI GNRHE MLAVE PINEL LRDKW RKFGA VSFYI NVVSY LCAMV IFTLT 

361 420 
AYYQP LEGTP PYPYR TTVDY LRLAG EVITL FTGVL FFFTN IKDLF MKKCP GVNSL FIDGS 

421 480 
FQLLY FIYSV LVIVS AALYL AGIEA YLAVM VFALV LGWMN ALYFT RGLKL TGTYS IMIQK 

481 540 
ILFKD LFRFL LVYLL FMIGY ASALV SLLNP CANMK VCNED QTNCT VPTYP SCRDS ETFST 

541 I 600 

FLLDL FKLTI GMGDL EMLSS TKYPV VFIIL LVTYI ILTFV LLLNM LIALM GETVG QVSKE 

601 660 
SKHIW KLQWA TTILD lERSF PVFLR KAFRS GEMVT VGKSS DGTPD RRWCF RVDEV NWSHW 

661 720 
NQNLG IINED PGKNE TYQYY GFSHT VGRLR RDRWS SVVPR VVELN KNSNP DEVVV PLDSM 

721 743 
GNPRC DGHQQ GYPRK WRTDD APL 



G.4 
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ATG GGT TTG TCA CTG CCC AA6 GAG AAA GGG CTA ATT CTC TGC CTA TGG AGC AAG 
TTC TGC AGA TGG TTC CAG AGA CGG GAG TCC TGG GCC CAG AGC CGA GAT GAG CAG 
AAC CTG CTG CAG CAG AAG AGG ATC TGG GAG TCT CCT CTC CTT CTA GCT GCC AAA 
GAT AAT GAT GTC CAG GCC CTG AAC AAG TTG CTC AAG TAT GAG GAT TGC AAG GTG 
CAC CAG AGA GGA GCC ATG GGG GAA ACA GCG CTA CAC ATA GCA GCC CTC TAT GAC 
AAC CTG GAG GCC GCC ATG GTG CTG ATG GAG GCT GCC CCG GAG CTG GTC TTT GAG 
CCC ATG ACA TCT GAG CTC TAT GAG GGT CAG ACT GCA CTG CAC ATC GCT GTT GTG 
AAC CAG AAC ATG AAC CTG GTG CGA GCC CTG CTT GCC CGC AGG GCC AGT GTC TCT 
GCC AGA GCC ACA GGC ACT GCC TTC CGC CGT AGT CCC TGC AAC CTC ATC TAC TTT 
GGG GAG CAC CCT TTG TCC TTT GCT GCC TGT GTG AAC AGT GAG GAG ATC GTG CGG 
CTG CTC ATT GAG CAT GGA GCT GAC ATC CGG GCC CAG GAC TCC CTG GGA AAC ACA 
GTG TTA CAC ATC CTC ATC CTC CAG CCC AAC AAA ACC TTT GCC TGC CAG ATG TAC 
AAC CTG TTG CTG TCC TAC GAC AGA CAT GGG GAC CAC CTG CAG GCC CTG GAC CTC 
GTG CCC AAT CAC CAG GGT CTC ACC CCT TTC AAG CTG GCT GGA GTG GAG GGT AAC 
ACT GTG ATG TTT CAG CAC CTG ATG CAG AAG CGG AAG CAC ACC CAG TGG ACG TAT 
GGA CCA CTG ACC TCG ACT CTC TAT GAC CTC ACA GAG ATC GAC TCC TCA GGG GAT 
GAG CAG TCC CTG CTG GAA CTT ATC ATC ACC ACC AAG AAG CGG GAG GCT CGC CAG 
ATC CTG GAC CAG ACG CCG GTG AAG GAG CTG GTG AGC CTC AAG TGG AAG CGG TAC 
GGG CGG CCG TAC TTC TGC ATG CTG GGT GCC ATA TAT CTG CTG TAC ATC ATC TGC 
TTC, ACC ATG TGC TGC ATC TAC CGC CCC CTC AAG CCC AGG ACC AAT AAC CGC ACG 
AGC CCC CGG GAC AAC ACC CTC TTA CAG CAG AAG CTA CTT CAG GAA GCC TAC ATG 
ACC CCT AAG GAC GAT ATC CGG CTG GTC GGG GAG CTG GTG ACT GTC ATT GGG GCT 
ATC ATC ATC CTG CTG GTA GAG GTT CCA GAC ATC TTC AGA ATG GGG GTC ACT CGC 
TTC TTT GGA CAG ACC ATC CTT GGG GGC CCA TTC CAT GTC CTC ATC ATC ACC TAT 
GCC TTC ATG GTG CTG GTG ACC ATG GTG ATG CGG CTC ATC AGT GCC AGC GGG GAG 
GTG GTA CCC ATG TCC TTT GCA CTC GTG CTG GGC TGG TGC AAC GTC ATG TAC TTC 
GCC CGA GGA TTC CAG ATG CTA GGC CCC TTC ACC ATC ATG ATT CAG AAG ATG ATT 
TTT GGC GAC CTG ATG CGA TTC TGC TGG CTG ATG GCT GTG GTC ATC CTG GGC TTT 
GCT TCA GCC TTC TAT ATC ATC TTC CAG ACA GAG GAC CCC GAG GAG CTA GGC CAC 
TTC TAC GAC TAC CCC ATG GCC CTG TTC AGC ACC TTC GAG CTG TTC CTT ACC ATC 
ATC GAT GGC CCA GCC AAC TAC AAC GTG GAC CTG CCC TTC ATG TAC AGC ATC ACC 
TAT GCT GCC TTT GCC ATC ATC GCC ACA CTG CTC ATG CTC AAC CTC CTC ATT GCC 
ATG ATG GGC GAC ACT CAC TGG CGA GTG GCC CAT GAG CGG GAT GAG CTG TGG AGG 
GCC CAG ATT GTG GCC ACC ACG GTG ATG CTG GAG CGG AAG CTG CCT CGC TGC CTG 
TGG CCT CGC TCC GGG ATC TGC GGA CGG GAG TAT GGC CTG GGA GAC CGC TGG TTC 
CTG CGG GTG GAA GAC AGG CAA GAT CTC AAC CGG CAG CGG ATC CAA CGC TAC GCA 
CAG GCC TTC CAC ACC CGG GGC TCT GAG GAT TTG GAC AAA GAC TCA GTG GAA AAA 
CTA GAG CTG GGC TGT CCC TTC AGC CCC CAC CTG TCC CTT CCT ATG CCC TCA GTG 
TCT CGA AGT ACC TCC CGC AGC AGT GCC AAT TGG GAA AGG CTT CGG CAA GGG ACC 
CTG AGG AGA GAC CTG CGT GGG ATA ATC AAC AGG GGT CTG GAG GAC GGG GAG AGC 
TGG GAA TAT CAG ATC TGA 

FIG„5 
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1 60 
MGLSL PKEKG LILCL WSKFC RWFQR RESWA QSRDE QNLLQ QKRIW ESPLL LAAKD NDVQA 

61 . 120 

LNKLL KYEDC KVHQR GAMGE TALHI AALYD NLEAA MVLME AAPEL VFEPM TSELY EGQTA 

121 180 
LHIAV VNQNM NLVRA LLARR ASVSA RATGT AFRRS PCNLI YFGEH PLSFA ACVNS EEIVR 

181 240 
LLIEH GADIR AQDSL GNTVL HILIL QPNKT FACQM YNLLL SYDRH GDHLQ PLDLV PNHQG 

241 300 
LTPFK LAGVE GNTVM FQHLM QKRKH TQl^^"Y GPLTS TLYDL TEIDS SGDEQ SLLEL IITTK 

301 360 
KREAR QILDQ TPVKE LVSLK WKRYG RPYFC MLGAI YLLYI ICFTM CCIYR PLKPR TNNRT 

361 420 
SPRDN TLLQQ KLLQE AYMTP KDDIR LVGEL VTVIG AIIIL LVEVP DIFRM GVTRF FGQTI 

421 480 
LGGPF HVLII TYAFM VLVTM VMRLI SASGE VVPMS FALVL GWCNV MYFAR GFQML GPFTI 

481 540 
MIQKM IFGDL MRFCW LMAVV ILGFA SAFYI IFQTE DPEEL GHFYD YPMAL FSTFE LFLTI 

541 500 
IDGPA NYNVD LPFMY SITYA AFAII ATLLM LNLLI AMMGD THWRV AHERD ELWRA QIVAT 

601 660 
TVMLE RKLPR CLWPR SGICG REYGL GDRWF LRVED RQDLN RQRIQ RYAQA FHTRG SEDLD 

661 720 
KDSVE KLELG CPFSP HLSLP MPSVS RSTSR SSANW ERLRQ GTLRR DLRGI INRGL EDGES 



721 
WEYQI 



Go6 
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1 50 
VRl MKKWSSTDLG AAADPLQKDT CPDPLDGDPN SRPPPAKPQL STAKSRTRLF 

'^^VR2 " MKFQGAF 

51 100 
VRl GKGDSEEAFP VDCPHEEGEL ....DSCPTI TVSPVITIR. R.PGDGPTGA 

hCCh3 RKGVPNPIDL LESTLYESSV VPGPKKAPMD SLFDYGTYRH H.SSDNKRWR 
VR2 TSPSSSPVFR LETLDGGQED GSEADRGKLD FGSGLPPMES QFQGEDRKFA 

hCCh4 MGL SLPKEKGLIL 

101 150 

VRl RLL S QDSVA.ASTE KTLRLYDRRS IFEAVAQNNC QDLESLLLFL 

hCChS KKIIEKQPQS PKAPA.PQPP PILKVFNRPI LFDIVSRGST ADLDGLLPFL 

VR2 PQIRVNLNYR KGTGA.SQPD P..NRFDRDR LFNAVSRGVP EDLAGLPEYL 

hCCh4 CLWSKFCRWF QRRESWAQSR DEQNLLQQKR IWESPLLLAA KDND..VQAL 

151 200 
VRl QKSKKHLTDN EFKDPETGKT CLLKAMLNLH DGQNTTIPLL LEIARQTDSL 

hCChS LTHKKRLTDE, EFREPSTGKT CLPKALLNLS NGRNDTIPVL LDIAERTGNM 
VR2 SKTSKYLTDS EYTEGSTGKT CLMKAVLNLK DGVNACILPL LQIDRDSGNP 

hCCh4 NKLLKYEDCK VHQRGAMGET ALHIAA..LY DNLEAAM.VL MEAA 

201 250 
VRl KELVNASYTD SYYKGQTALH lAIERRNMAL VTLLVENGAD VQAAAHGDFF 

hCChS REFINSPFRD lYYRGQTALH lAIERRCKHY VELLVAQGAD VHAQARGRFF 
VR2 QPLVNAQCTD DYYRGHSALH lAIEKRSLQC VKLLVENGAN VHARACGRFF 

hCCh4 PELVFEPMTS ELYEGQTALH lAVVNQNMNL VRALURRAS VSARATGTAF 

251 300 
VRl KKTKGRPGFY FGELPLSLAA CTNQLGIVKF LLQNSWQTAD ISARDSVGNT 

hCChS QPKDEGGYFY FGELPLSLAA CTNQPHIVNY LTENPHKKAD MRRQDSRGNT 
VR2 Q.KGQGTCFY FGELPLSLAA CTKQWDVVSY LLENPHQPAS LQATDSQGNT 

hCCh4 R.RSPCNLIY FGEHPLSFAA CVNSEEIVRL LIEHG...AD IRAQDSLGNT 

301 350 

VRl VLHALVEVAD NTADNTKFVT SMYNEILILG AKLHPTLKLE ELTNKK6MTP 

hCCh3 VLHALVAIAD NTRENTKFVT KMYDLLLLKC ARLFPDSNLE AVLNNDGLSP 

VR2 VLHALVMISD NSAENIALVT SMYDGLLQAG ARLCPTVQLE DIRNLQDLTP 

hC.n4 VLHILIL QPNKTFAC QMYNLLLSYD RHGDHLQPLD LVPNHQGLTP 

FIG.7A 
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351 400 
VRl LALAAGTGKI GVLAYILQRE IQEPECRHLS RKFTEWAYGP VHSSLYDLSC 

hCCh3 LMMAAKTGKI GIFQHIIRRE VTDEDTRHLS RKFKDWAYGP VYPSLYDLSS 
VR2 LKLAAKEGKI EIFRHILQRE FS. .GLSHLS RKFTEWCYGP VRVSLYDLAS 

hCCh4 FKLAGVEGNT VMFQHLMQK RKHTQWTYGP LTSTLYDLTE 

401 450 

VRl IDTC.EKNSV LEVIAYSSSE TPNRHDMLLV EPLNRLLQDK WDRFVKRIFV 

hCChS LDTCGEEASV LEILVY.NSK lENRHEMLAV EPINELLRDK WRKFGAVSFY 

VR2 VDSC.EENSV LEIIAF.HCK SPHRHRMVVL EPLNKLLQAK WDLLIPK.£F 

hCCh4 IDSSGDEQSL LELII..TTK KREARQILDQ TPVKELVSLK WKRYGRPYFC 

451 500 
VRl FNFLVYCLYM IIFTMAAYY R P V..D GLPPFKMEKI 

hCChS INVVSYLCAM VIFTLTAYY Q P L..E GTPPYPYRTT 

VR2 LNFLCNLIYM FIFTAVAYH Q P TLKK QAAPHLKAEV 

hCCh4 MLGAIYLLYI ICFTMCCIY R PLKPRTNNRT SPRDNTLLQQ KLLQEAYMTP 

501 550 

VRl GDYFRVTGEI LSVLGGVYFF FRGIQ. YF.L QRRPSMKTLF VDSYSEMLFF 

hCCha VDYLRLAGEV ITLFTGVLFF FTNIKDLF .M KKCPGVNSLF IDGSFQLLYF 

VR2 GNSMLLTGHI LILLGGIYLL VGQL.MYF .W RRHVFIWISF IDSYFE ILFL 

hCCh4 KDDIRLVGE. VTVIGAIIIL LVEVPDIF RM GVTRFFGQTI LGGPFHVLII 

551 600 

■ VRl LQSLFMLATV VLYF SHLKEY VASMVFSLAL GWTNMLYYTR GFQQMGIY AV 

hCChS lYSVLVIVSA ALYLAGIEAY LAVMVFALVL GWMNALYFTR GLKLTGTY SI 

VR2 FQALLTVVSQ VLCF LAIEWY LPLLVSALVL GWLNLLYYTR GFQHTGIY SV 

hCCh4 TYAFMVLVTM VMRL ISASGE VVPMSFALVL GWCNVMYFAR GFQMLGPF TI 

601 650 
VRl MIEKMILRDL CR FMFVYIVF LFGFSTAVVT UEDGKNDSL PS. .ESTSHR 

hCChS MIQKILFKDL FR FLLVYLLF MIGYASALVS LLNPCANMKV CN. .EDQTNC 
VR2 MIQKVILRDL LR FLLIYLVF LFGFAVALVS LSQEAWRPEA PTGPNATESV 

hCCh4 MIQKMIFGDL MR FCMLMAVV IL6FASAFYI IFQ 



651 

VRl W. .RGPACRPP 
hCCh3 TVPTYPSCR. . 

VR2 QPMEGQEDEGN 
hCCh4 . .TEDPEELGH 



DSSYNSLYSTCLELFKFTIGMG 
DSETFSTF. .LLDLFKLTIGMG 
GAQYRGILEASLELFKFTIGMG 
FYDYPMALFSTFELF.LTIIDG 



700 

DLEFTEN YDFK AVFIIL 
DLEMLSS TKYP VVFIIL 
ELAFQEQ LHFR GMVLLL 
PANY..N VDLPFMYSIT 



FIG.7B 
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701 750 

VRl LLAYVILTYI LLLNMLIALM GETVNKIAQE SKNIWKLQRA ITILDTEKSF 

hCCh3 LVTYIILTFV LLLNMLIALM GETVGQVSKE SKHIWKLQWA ^ILDIERSF 

VR2 LLAYVLLTYI LLLNMLIALM SETVNSVATD SWSIWKLQKA ISVLEMENGY 

hCCh4 YAAFAIIATL LMLNLLIAMM GDTHWRVAHE RDELWRAQIV ATTVMLERKL 

751 800 

VRl LKCMRKAFRS GKLLQVGYTP DGKDDYRWCF RVDEVNWTTW NTNVGIINED 

hCChS PVFLRKAFRS GEMVTVGKSS DGTPDRRWCF RVDEVNWSHW NQNLGIINED 

VR2 WWC.RKKQRA GVMLTVGTKP DGSPDERWCF RVEEVNWASW EQTLPTLCED 

hCCh4 PRCLWP. .RS G. . . . ICGRE YGLGD.RWFL RVED RQDL 

801 850 

VRl PGNCEGVKRT LSFSLRSS.. RVSGRHWKNF AL....VP.L LREASARDRQ 

hCChS PGKNE.TYQY YGFSHTVG. . RLRRDRWS.. SV....VP.R VVELN....K 

VR2 P.SGAGVPRT LENPVLASPP KEDEDGASEE NY....VPVQ LLQSN* 

hCCh4 ..NRQRIQRY AQAFHTRGSE DLDKDSVEKL ELGCPFSPHL SLPMPSVSRS 

851 898 

VRl SAQPEEVYLR QFSGSLKPED AEVFKSPAAS GEK* 

hCChS NSNPDEVVV PLD S..MGNPRCD GHQQGYPRKW RTDDAPL* 

hCCh4 TSRSSANWER LRQGTLRRDL RGIINRGLED GESWEYQI* 

FIG.7C 
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